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ABSTRACT
The developm ent o f  p o ta to  v a r i e t i e s  w ith  im proved h o r t i c u l t u r a l  
c h a r a c t e r i s t i c s  and w id er a d a p ta b i l i ty  i s  im p o rtan t to  a l l  segm ents o f  
th e  p o ta to  in d u s t r y .  W ider a d a p ta b i l i ty  f o r  such im p o rtan t c n a ra c te r s  
as s p e c i f i c  g r a v i ty ,  a measure o f  c u l in a r y  q u a l i t y ,  would be  e s p e c ia l ly  
im p o rtan t to  th e  consumer o f  f r e s h  and p ro c e sse d  p o ta to e s .
Knowledge o f  th e  h e r i t a b i l i t y  o f c h a ra c te r s  sh o u ld  be u s e f u l  in  
in c re a s in g  th e  e f f i c ie n c y  o f  s e le c t in g  f o r  w id e r a d a p te d  v a r i e t i e s .  
R esearch  has shown t h a t  i t  i s  p o s s ib le  to  o b ta in  com bina tions o f  genes 
in  a  v a r i e ty  t h a t  w i l l  have h ig h  s p e c i f i c  g r a v i ty  an d  o th e r  im proved 
c h a ra c te r s  when grown under one s e t  o f  e n v iro n m en ta l c o n d i t io n s ,  bu t 
when grown under a n o th e r  s e t  o f c o n d it io n s  th e  fo rc e s  o f  env ironm ent 
o f t e n  i n t e r f e r e  to  produce a v a r ie ty  t h a t  i s  not n e c e s s a r i ly  in d ic a t iv e  
o f  i t s  g en o ty p e . C e r ta in  v a r i e t i e s  o f  p o ta to e s  have, been o b se rv ed  to  
show w ider a d a p t a b i l i t y  when grown under th e  wide ran g e  o f  en v iro n m en ta l 
c o n d it io n s  found  in  th e  U nited  S ta te s .
T his s tu d y  was u n d e rta k en  to  s tu d y  th e  e f f e c t  o f  env ironm ent on 
th e  g e n e t ic  b e h a v io r  o f  s ix  c n a ra c te r s  a n d  to  d e te rm in e  i f  v a r i e t i e s  
co u ld  be developed  t h a t  would ex p re ss  r e l a t i v e l y  un ifo rm  c h a ra c te r  
e x p re s s io n  when grown i n  th e  N orth and S o u th . S p e c ia l  em phasis was 
p la c e d  on s p e c i f i c  g r a v i ty  w ith  c o n c u rre n t s tu d ie s  made on p la n t  m a tu r i ty ,  
v ig o r , tu b e r  sh ap e , tu b e r  eye d e p th , and tu b e r  a p p e a ra n c e .
Ten progeny l i n e s  r e p re s e n tin g  s e v e r a l  hundred  c lo n e s  were grown 
in  L o u is ia n a  and N orth  D akota. Progeny l i n e s  r e p r e s e n t in g  f i r s t  c lo n a l  
g e n e ra tio n s  were grown i n  th e  N o rth , Progeny l i n e s  r e p r e s e n t in g  second
c lo n a l  g e n e ra tio n s  were ;rown in  th e  N orth and S o u th . P a re n ts  used  to  
develop  progeny l in e s  r e p re s e n te d  w ide d i f f e r e n c e s  i n  c h a r a c te r  e x p re s ­
s io n .
S p e c if ic  g ra v i ty  was de te rm ined  by th e  p o ta to  hydrom eter m ethod, 
w eigh t in  w a te r and a i r ,  and  by th e  s a l t  b r in e  m ethod. O ther d e te rm i­
n a tio n s  were made by an a r b i t r a r y  r a t i n g  s c a le  d e s ig n ed  s p e c i f i c a l l y  f o r  
each  c h a ra c te r .
S p e c if ic  g ra v i ty  o f  tu b e r s  from  p ro g e n ie s  o f  th e  seco n d  c lo n a l  
g e n e ra tio n s  were found to  be h ig h  in  the  N orth and low i n  th e  S o u th . 
Tubers from  p ro g en ie s  o f th e  f i r s t  c lo n a l  g e n e ra tio n s  grown in  th e  N orth 
were in te rm e d ia te  in  s p e c i f i c  g r a v i ty .
The s e g re g a tio n  in  p ro g e n ie s  from a l l  v a r i e t i e s  u sed  as p a re n ts  
showed th e y  were h ig h ly  h e te ro zy g o u s f o r  a l l  c h a r a c te r s .  C rosses betw een 
low x medium and low x h ig h  s p e c i f i c  g r a v i ty  p a re n ts  p roduced  th e  h ig h e s t  
deg ree  o f  s e g re g a t io n .  High s p e c i f i c  g r a v i ty  p a re n ts  p roduced p ro g e ry  
w ith  th e  h ig h e s t  mean s p e c i f i c  g r a v i ty .
C o r r e la t io n  c o e f f i c i e n t s  computed f o r  v a rio u s  c h a ra c te r s  from  
p ro g e n ie s  grown in  th e  N orth and S outh  showed some d eg ree  o f  l in e a r  
r e l a t i o n s h i p .  The h ig h e s t  a s s o c ia t io n  was found  f o r  tu b e r  sh a p e , 
fo llo w ed  by p la n t  m a tu r i ty ,  v ig o r ,  tu b e r  eye d e p th , s p e c i f i c  g r a v i ty ,  
and tu b e r  ap p ea ran ce .
The r e s u l t s  from th e  a n a ly s is  o f  th e  d a ta  f o r  e ach  o f th e  c h a ra c ­
t e r s  s tu d ie d  showed t h a t  t h e r e  w ere h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  among 
th e  progeny l i n e s .  The m agnitude o f  h e r i t a b i l i t y  e s t im a te s  was a f f e c te d  
by th e  p a re n ts  u sed  to  deve lop  th e  progeny l i n e s .  The h ig h e s t  h e r i t ­
a b i l i t y  e s t im a te s  and ex p ec ted  s e l e c t i o n  advance f o r  s p e c i f i c  g r a v i ty
was found fo r  p rogen ies developed from high s p e c i f ic  g ra v ity  p a re n ts , 
H e r i t a b i l i ty  e s tim a te s  fo r  o th e r  c h a ra c te rs  showed v a r ia b le  p a re n ta l  
e f f e c t  fo r  each c h a ra c te r  and f o r  each progeny l in e .
Based on t h i s  s tudy , i t  appears th a t  a lthough  th e  fo rce s  o f 
environment a f fe c te d  th e  g en e tic  behavior o f a l l  c h a ra c te rs , s e le c t io n  
could  be made q u ite  e f f i c i e n t l y  f o r  tu b e r  siiape, p la n t m a tu r ity , v igo r, 
and tu b e r  eye dep th .
This study  a ls o  showed th a t  i f  high s p e c if ic  g ra v ity  p a ren ts  a re  
used , a f a i r  degree of success can be ach ieved  in  developing v a r ie t ie s  
th a t  show le s s  environm ental e f f e c t  f o r  s p e c if ic  Lgravity. Tuber appear­
ance seemed to  be th e  c h a ra c te r  most a f fe c te d  by environm ent.
INTRODUCTION
The developm ent o f  b e t t e r  v a r i e t i e s  o f  p o ta to e s  w ith  n ig h  s p e c i f i c  
g r a v i ty  f o r  p ro c e ss in g  and f r e s h  use i s  th e  u l t im a te  g o a l o f  to d a y 's  
p o ta to  b re e d e r .  The r e c e n t  t r e n d  tow ards th e  consum ption  o f p ro c e sse d  
p o ta to e s  has r e q u ir e d  t h a t  new v a r i e t i e s  must meet th e  demand o f  th e  
p ro c e s s o r  a s  w e ll  as f o r  f r e s h  u s e . E s s e n t i a l l y ,  new v a r i e t i e s  developed  
f o r  p ro c e sse d  and f r e s h  use  sh o u ld  have abou t t h e  same c h a r a c t e r i s t i c s .  
Some im p o rta n t c h a r a c te r s  sh o u ld  in c lu d e  h ig h  y i e l d ,  smooth tu b e r  sh ap e , 
sha llow  d ep th  o f  ey e , and h igh  s p e c i f i c  g r a v i ty .
For b o th  p ro c e sse d  and  f r e s h  u s e , h ig h  s p e c i f i c  g r a v i ty  becomes 
e s p e c ia l ly  im p o r ta n t . R esearch  has shown t h a t  th e  y i e ld  o f  p ro c e sse d  
p ro d u c ts  w i l l  be  h ig h e r  when p o ta to e s  o f  h ig h  s p e c i f i c  g r a v i ty  a re  u se d . 
When p o ta to e s  a re  p ro c e sse d  in to  c h ip s ,  n o t o n ly  w i l l  th e  y i e ld  o f c h ip s  
be h ig h e r  b u t  th e r e  w i l l  be l e s s  a b s o rp t io n  o f  f r y in g  o i l s .  Chips w ith  
e x c e ss iv e  o i l  c o n te n t a re  c l a s s i f i e d  a s  po o r in  q u a l i ty  and a re  u s u a l ly  
more c o s t ly  to  p ro d u ce . I n v e s t ig a t io n s  have shown t h a t  h ig h  s p e c i f i c  
g r a v i ty  and  m ea lin e ss  a re  u s u a l ly  th e  cooking  q u a l i t i e s  most d e s i r e d  by 
th e  f r e s h  consum er.
O ther c h a r a c te r s  such as dep th  o f  tu b e r  eye and sm ooth tu b e r  
appearance  a re  im p o r ta n t in  t h a t  th e y  e l im in a te  w aste  i n  th e  p r e p a ra t io n  
o f  p o ta to e s  f o r  p ro c e sse d  and f r e s h  u s e . Tuber shape i s  a ls o  im p o r ta n t;  
how ever, i t s  va lue  i s  d e te rm in ed  by i t s  s p e c i f i c  u s e .  Long shaped 
tu b e r s  a re  c o n s id e re d  to  be b e t t e r  f o r  f re n c h  f r y in g  and b a k in g , w h ile  
round  shaped tu b e rs  a re  more s u i t e d  f o r  b o i l i n g .  Round shaped  tu b e r s  
a re  e s p e c i a l l y  a d ap ted  f o r  m echan ica l p e e l in g .
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I n  most case s  m a tu r ity  and v ig o r  a re  im p o rtan t to  th e  o v e r a l l  
w orth  o f  th e  v a r i e ty .  In  o rd e r f o r  a p la n t  to  m anufacture ca rb o h y d ra te s  
e f f i c i e n t l y ,  p la n t  v ig o r  becomes e s s e n t i a l .  P la n t m a tu r ity  i s  lik e w ise  
im p o rtan t p ro v id in g  y ie ld  and o th e r  c h a ra c te rs  a r e  p ro p e r ly  m ain ta ined  
in  th e  v a r ie ty .
Each of th e s e  c h a ra c te rs  a re  dependent on h e re d i ta r y  f a c t c r s ,  b u t  
th e  developm ent o f  each c h a r a c te r  i s  in f lu e n c e d  by environm ent which 
de term ines i t s  v a r i e t a l  a d a p ta t io n  r e g a rd le s s  o f w hether th e  most 
d e s ir a b le  genes a re  p re s e n t .  G en era lly  no v a r ie ty  has been developed 
th a t  w i l l  have th e  same q u a l i t i e s  when grown under wide env ironm en ta l 
c o n d it io n s . I t  would be h ig h ly  advantageous i f  p o ta to  v a r i e t i e s  would 
e x p re ss  l i t t l e  d if f e r e n c e  in  s p e c i f i c  g ra v ity  when grown in  th e  n o r th e rn  
and so u th e rn  p a r t s  o f th e  U nited  S ta te s .  By having  such  v a r i e t i e s ,  
p ro c e sso rs  and th e  f r e s h  d i s t r ib u to r s  would have v a r i e t i e s  o f  more 
uniform  q u a l i ty  over a lo n g e r p e r io d  o f  t im e . Low v a r i a b i l i t y  f o r  o th e r  
im p o rtan t c h a ra c te r s  when grown over w ider en v ironm en ta l c o n d itio n s  
would a ls o  be h ig h ly  b e n e f i c i a l ,
S tevenson e t  a l .  (70) p o in t o u t t h a t  s p e c i f i c  g ra v ity  and most 
o th e r  c h a ra c te rs  a re  th e  end r e s u l t  o f th e  in te r a c t io n  o f  h e r e d i ta r y  
f a c to r s  o r genes and  o f env ironm en t. The p la n t  b re e d e r can g e t new 
recom bina tions o f  genes and  produce v a r i e t i e s  t h a t  have a  r e l a t i v e l y  
h igh  s p e c i f ic  g ra v ity  when grown In a  p a r t i c u l a r  en v iro n m en t, b u t  when 
grown e lsew here  th e y  m ight be much low er in  s p e c i f i c  g r a v i ty .
The su c c e ss  o f any p la n t  b ree d in g  program depends upon th e  
p resen ce  o f  a d d it iv e  g e n e tic  v a rian ce  w ith in  a p o p u la tio n  under 
s e l e c t i o n ,  H e r i t a b i l i ty  i n  th e  b road  sense o r th e  r a t i o  o f t o t a l
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g e n e tic  v a rian ce  to  t o t a l  pheno typ ic  v a rian ce  can be used a s  a gu ide  in  
d e te rm in in g  th e  r e l a t i v e  e f f ic ie n c y  o f  s e l e c t i o n .  As h e r i t a b i l i t y  
in c r e a s e s ,  th e  g e n e tic  component occup ies an  in c re a s in g  p o r t io n  o f t o t a l  
v a r ia t io n  and  s e le c t io n  becomes more e f f e c t i v e .  In  an a s e x u a lly  p ro p a ­
g a te d  c ro p , l ik e  p o ta to e s ,  s e le c t io n  can be based  on fa v o ra b le  a d d it iv e  
dominance and e p i s t a t i c  gene com binations. H e r i t a b i l i ty  e s t im a te s  in  
th e  b road  se n se  can be u sed  to  measure th e  e f f i c ie n c y  o f  s e le c t io n  fo r  
f u tu r e  c lo n a l  g e n e ra tio n s  and to  c a lc u la te  ex p ec ted  g a in . The f e a s i ­
b i l i t y  o f s e le c t in g  s u i t a b l e  gene recom bina tions from c ro sse s  in v o lv in g  
p a re n ts  w ith  d i f f e r e n t  c h a ra c te r  e x p re ss io n  can improve th e  b re e d in g  and 
s e le c t io n  methods needed f o r  th e  developm ent o f  w ider ad ap ted  v a r i e t i e s .
The purpose o f t h i s  study  was to  determ ine  what e f f e c t  e n v iro n ­
ment has on th e  g e n e tic  eaqpression o f c e r t a in  c h a ra c te r s  found  in  th e  
p o ta to .  The g e n e tic  v a r i a b i l i t y  o f  p o ta to  p ro g en ie s  grown in  th e  
n o r th e rn  and so u th e rn  p a r t s  o f  th e  U nited S ta te s  were s tu d ie d  w ith  
s p e c ia l  em phasis p lac ed  on th e  c h a ra c te r  s p e c i f i c  g r a v i ty .  C oncurrent 
s tu d ie s  were made on th e  c h a ra c te r s  p la n t  m a tu r i ty , v ig o r , tu b e r  eye 
d e p th , tu b e r  ap p ea ran ce , and tu b e r  sh ap e . Progeny from p a re n ts  
e x p re ss in g  wide d if f e r e n c e s  i n  s p e c i f i c  g r a v i ty  and o th e r  c h a ra c te r s  
were used  in  th e  s tu d y  to  determ ine i f  c e r t a in  recom bina tions would be 
more b e n e f i c i a l  in  develop ing  v a r i e t i e s  showing l i t t l e  g e n e t ic  v a r i ­
a b i l i t y  when grown i n  th e  North and South . H e r i t a b i l i ty  e s t im a te s  and 
c o r r e l a t io n  c o e f f i c i e n t s  were used  to  measure s e l e c t io n  e f f ic ie n c y  and 
c h a ra c te r  a s s o c ia t io n  and to  d e te rm in e  i f  c e r t a in  reco m b in a tio n s would 
show more g e n e tic  and l e s s  e n v iro n m en ta l e f f e c t .  C lonal d i s t r i b u t i o n  
and th e  amount o f  v a r i a b i l i t y  w ith in  a progeny l in e  were a ls o  determ ined  
f o r  c lo n es  grown in  th e  North and South .
LITERATURE REVxEW
S e v e ra l in v e s t ig a to r s  (17; 28; 72) have snown t h a t  environm ent 
has a  g r e a t  i n f l ” °nce on th e  g e n e tic  b eh av io r o f  c e r t a i n  c h a ra c te r s  
found in  the  I r i s h  p o ta to , Solanum tuberosum . In h e re n t  d i f f e r e n c e s  in  
s p e c i f i c  g ra v i ty  o f  c e r t a in  p o ta to  v a r i e t i e s  grown ov e r a w ide range  o f  
env ironm en ta l c o n d itio n s  have been re p o r te d  by  S tevenson  and  Whitman 
(7 2 ) , O ther w orkers (U5) have found pho to p erio d ism  to  nave a  g r e a t  
in f lu e n c e  on th e  h e r i t a b i l i t y  o f c e r t a i n  g e n e t ic  c h a r a c te r s  o f  tn e  I r i s h  
p o ta to .
The l i t e r a t u r e  concern ing  th e  c y to g e n e tic s  and g e n e t ic s  o f  th e  
I r i s h  p o ta to  has been  rev iew ed  by  Cadman (15) an a  o th e rs  (56 ; 57; 60; 69 
71; 7 3 ) . Cadman (15) r e p o r ts  tn a t  e a r ly  w orkers g e n e ra lly  a c c ep ted  th e  
phenomenon th a t  th e  p o ta to  was a f u n c t io n a l  d ip lo id ,  itecen t i n v e s t i ­
g a to rs  c o n s id e re d  t h i s  to  be r a th e r  u n u su a l, a s  th e  S o lanaceae  fam ily  
had long  been a c l a s s i c a l  example o f  th e  p o ly p lo id  s e r i e s ,  and a c c u ra te  
coun ts o f th e  som atic  and gam etic  chromosome number o f  th e  p o ta to  were 
a v a i la b le  a s  e a r ly  a s  1926 (15 ; 6 9 ) . Cadman (1 5 ) f u r tn e r  s t a t e s  th e  
assum ption  t h a t  th e  p o ta to  was a d ip lo id ,  su rv iv e d  u n q u e s tio n e d , u n t i l  
Lunden (L3) p u b lish e d  h is  com prehensive p ap er on te t r a p lo ic jy  i n  1937.
O ther w orkers such as Asseyeva and N iko laeva  (5 )  and f i l l e r  (U6) 
had p ro v id ed  e v id e n c e , p r io r  to  1937, f  >r tn e  o ccu rren ce  o f many 
d u p lic a te  f a c to r s  su g g e s tin g  te tr a s o m ic  in h e r i ta n c e .  However, i t  was 
Lunden (U3) who f i r s t  o b ta in e d  c le a r  ev idence  o f  t e t r a p lo id y  and showed 
th a t  th e  p o ta to  was an a u to te t r a p lo id —2N -  L8 ( 6 9 ) .  Lunden (ii3) 
i d e n t i f i e d ,  among o th e r s ,  seven  genes c o n t r o l l in g  c o lo r  in h e r i ta n c e ,  
f iv e  o f  whica showed te tra s o m ic  s e g r e g a t io n .  I n  r e c e n t  y e a rs  a l l
LITERATURE REVIEW
S e v e ra l  in v e s t ig a to r s  (1 7 j 28; 72) have shown t h a t  env ironm ent 
has a  g r e a t  i n f l ” **nce on th e  g e n e t ic  b e h a v io r  o f  c e r t a i n  c h a r a c te r s  
found  in  th e  I r i s h  p o ta to , Solanum tuberosum . In h e re n t  d i f f e r e n c e s  i n  
s p e c i f i c  g r a v i ty  o f  c e r t a i n  p o ta to  v a r i e t i e s  grown over a  w ide ran g e  o f  
e n v iro n m en ta l c o n d it io n s  h a w  been  r e p o r te d  by  S tevenson  and  Whitman 
(7 2 ) .  O ther w orkers (U5) have found p h o to p e rio d ism  to  have a  g r e a t  
in f lu e n c e  on th e  h e r i t a b i l i t y  o f  c e r t a i n  g e n e t ic  c h a r a c te r s  o f  th e  I r i s h  
p o t a to .
The l i t e r a t u r e  c o n ce rn in g  th e  c y to g e n e t ic s  and g e n e t ic s  o f  th e  
I r i s h  p o ta to  has b een  rev iew ed  b y  Cadman (15) and o th e r s  (5 6 ; 5 7 J 60; 69 
71; 73)* Cadman (15) r e p o r t s  t h a t  e a r l y  w orkers g e n e r a l ly  a c c e p te d  th e  
phenomenon t h a t  th e  p o ta to  was a  f u n c t io n a l  d ip lo i d .  R ecent i n v e s t i ­
g a to r s  c o n s id e re d  t h i s  to  be  r a t h e r  u n u su a l, a s  th e  S o lanaceae  fa m ily  
had lo n g  been  a c l a s s i c a l  exam ple o f  th e  p o ly p lo id  s e r i e s ,  and a c c u ra te  
c o u n ts  o f th e  so m atic  and  gam etic  chromosome number o f  th e  p o ta to  were 
a v a i la b le  a s  e a r ly  a s  1926 (1 5 ; 69)* Cadman (1 5 ) f u r t h e r  s t a t e s  th e  
a ssu m p tio n  t h a t  th e  p o ta to  was a  d ip lo id ,  s u rv iv e d  u n q u e s tio n e d , u n t i l  
Lunden (U3) p u b lis h e d  h i s  com prehensive p a p e r on t e t r a p l o i d y  i n  1937*
O ther w orkers su ch  as A sseyeva and N ik o laev a  (5 )  and M uller (U6) 
had p ro v id e d  e v id e n c e , p r io r  t o  1937» f o r  th e  o c cu rren c e  o f  many 
d u p l ic a te  f a c to r s  su g g e s tin g  te t r a s o m ic  i n h e r i t a n c e .  However, i t  was 
Lunden (1*3) who f i r s t  o b ta in e d  c le a r  ev id en ce  o f  t e t r a p l o i d y  and showed 
t h a t  th e  p o ta to  was an  a u to t e t r a p lo i d —2N “ 1*8 ( 6 9 ) .  Lunden (1*3) 
i d e n t i f i e d ,  among o th e r s ,  sev en  genes c o n t r o l l in g  c o lo r  in h e r i t a n c e ,  
f iv e  o f  w hicn showed te t r a s o m ic  s e g re g a t io n .  I n  r e c e n t  y e a rs  a l l
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c h a ra c te r s  s tu d ie d  i n  th e  p o ta to  have been  i n te r p r e t e d  on a te tra s o m ic  
b a s is  ($ 6 ) .
The p o ta to  l i k e  most a s e x u a lly  produced crops has been found to  
be h ig h ly  hete rozygous f o r  m ost c h a ra c te r s  and w i l l  se g re g a te  in to  
d i f f e r e n t  l in e s  wnen s e l f - p o l l i n a t e d  (3* 71)* However, p o l le n  s t e r i l i t y  
has i n  many case s  l im i te d  th e  p o s s i b i l i t y  and amount o f  s e l f - p o l l i n a t i o n  
(3 9 ) .
S tevenson  and C lark  (71) p o in t  o u t t h a t  th e r e  a re  c e r t a in  
advan tages and a l s o  c e r t a in  d isa d v an tag e s  i n  u s in g  c ro s se s  betw een 
h ig h ly  he te rozygous m a te r ia l  i n  a p o ta to  b ree d in g  program . One advan­
ta g e  would be t h a t  when b o th  p a re n ts  a re  he te rozygous fo r  th e  c h a ra c te r  
under c o n s id e ra tio n , s e g re g a t io n  w i l l  occur i n  th e  f i r s t  g e n e ra t io n , 
making i t  p o s s ib le  t o  o b ta in  th e  d e s ire d  reco m b in a tio n  w ith in  th e  f i r s t  
g e n e ra tio n . A nother advantage would be t h a t  th e  in d iv id u a l  from th e  
progeny m ight be more v igo rous th a n  e i t h e r  p a re n t .  The main d isad v an tag e  
o f  he te rozygous m a te r ia l ,  acco rd in g  to  S tevenson  and C lark  (7 1 ) , would be 
th e  d i f f i c u l t y  i n  o b ta in in g  e x a c t g e n e tic  knowledge from th e  b reed in g  
m a te r ia l .
A ccording to  Rieman e t  a l .  (5 5 ) ,  th e  a se x u a lly  p ro p ag a ted  c lo n es 
used  in  most p o ta to  b reed in g  program s were genotypes t h a t  s e g re g a te  fo r  
m ost, i f  n o t a l l ,  o f  t h e i r  im p o rta n t c h a r a c te r s .  They f u r t h e r  re p o r te d  
th a t  th e r e  a re  hundreds o f  genes in f lu e n c in g  th e se  c h a ra c te r s  and t h a t  
th e s e  genes se g re g a te  in  each c r o s s .  The m agnitude and com plex ity  o f  
most p o ta to  b re e d in g  program s were a ls o  d is c u s se d .
R ie d l (56) p o in ts  o u t t h a t  th e r e  has been a com parative  la c k  o f 
knowledge concern ing  th e  b reed in g  b e h av io r  o f th e  m ost im p o rtan t
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c h a ra c te r s  o f  th e  p o ta to  t h a t  d e te rm in es  th e  t r u e  v a lu e  o f  v a r i e t i e s  f o r  
com m ercial p ro d u c tio n . He f u r t h e r  s t a t e s  t h a t  most in v e s t ig a to r s  i n  th e  
p a s t  have p r e f e r r e d  to  d e a l  w ith  c h a r a c te r s  t h a t  can  be d i s t in g u is h e d  
a c c u ra te ly  i n  a l l  p l a n t s ,  su ch  a s  q u a l i t a t i v e  c h a r a c te r s ,  r a th e r  th a n  
w ith  c h a r a c te r s  t h a t  a re  g r e a t ly  dependen t upon en v iro n m en ta l c o n d it io n s  
and can  n o t be s e p a r a te d  in to  d isc o n tin u o u s  c l a s s e s .
Much o f  th e  e a r ly  work on th e  g e n e t ic s  o f  th e  p o ta to  was done by 
K ran tz  (3 8 ) , Salam an (5 7 ) ,  and o th e r s  (5 ; 9; 10; 23; 33; U3i U 6). How­
e v e r ,  S irk s  (6U) p o in ts  o u t  t h a t  compared w ith  p la n t s  o f e q u a l  economic 
im portance  th e  l i t e r a t u r e  on p o ta to  g e n e t ic s  has been  somewhat s c a rc e  
and th a t  i t  has a l s o  c o n ta in e d  a  number o f  p e c u l ia r  c a s e s .  I n  some 
c ase s  a c e r t a i n  c h a r a c te r  has ap p ea re d  t o  be  dom inant and  in  o th e r  c a se s  
t o  be r e c e s s iv e  (38 ; 5 7 ) .
K ra n tz 's  r e s u l t s  (38 ) o b ta in e d  on in h e r i ta n c e  o f  tu b e r  shape 
a g re e d  w ith  th o s e  o f  Salaman (57) and in d ic a te d  t h a t  shape  depends on 
th e  p re se n c e  o r  ab sen ce  o f  a  s in g l e  f a c to r  f o r  le n g th ,  Salam an (57 ) 
su g g e s te d  t h a t  p l a n t s  may be  e i t h e r  homozygous f o r  long  tu b e r s ,  
h e te ro zy g o u s f o r  lo n g  tu b e r s ,  o r  homozygous f o r  round  tu b e r s .  He showed 
th a t  v a r i e t i e s  w i th  round  tu b e r s  b re d  t r u e  f o r  t h i s  c h a r a c te r ,  g iv in g  
progeny a l l  w ith  round  t u b e r s ; w h ile  v a r i e t i e s  w ith  o v a l  o r  long  tu b e r s  
w i l l  g iv e  lo n g , o v a l ,  and round  tu b e r s  (3U; 5 9 ) .  However, H e r ib e r t  (33 ) 
d e s c r ib e d  a  v a r i e ty  w hich  d id  n o t b re e d  t r u e  f o r  ro u n d n ess . T h is 
v a r i e ty  was assum ed t o  have th r e e  p o ly m e ric  f a c t o r s  c o n t r o l l in g  tu b e r  
sh a p e , two o f  w hich were dom inant f o r  lo n g ,
B a rto sc h  (9 )  s tu d ie d  th e  in h e r i ta n c e  o f  tu b e r  sh ap e  i n  p ro g e n ie s  
o b ta in e d  from  c ro s s e s  and  s e l f - p o l l i n a t i o n s  by  m easuring  l e n g t h / b r e a d t h
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c o e f f ic ie n ts *  He found th e  to  be in te rm e d ia te  betw een th e  two p a re n ts  
and t h a t  th e r e  was a p o s i t iv e  c o r r e l a t io n  betw een tu b e r  shape i n  th e  s e l f -  
p o l l in a te d  p ro g en ie s  and t h e i r  p a r e n t s .  The d i s t r i b u t i o n  o f  tu b e r  shape 
f i t t e d ,  i n  many c a s e s , th e  b in o m ia l c u rv e . Swaminathan (73) su g g e s te d  
t h a t  th e s e  d a ta  c o u ld  be e x p la in e d  by p o lym eric  f a c to r s  w ith  a t  l e a s t  
fo u r  e q u a l f a c t o r  p a i r s  b e in g  n ecessax y . B a rto sch  (9 ) concluded  t h a t  
le n g th  was a  c o n s ta n t c h a ra c te r  and t h a t  th e  d i f f e r e n t  shapes were 
produced by a  v a ry in g  number o f  genes f o r  ro u n d n ess . £ach a d d i t io n a l  
gene f o r  roundness in c re a s e d  th e  r a t e  o f  growth in  th ic k n e s s .  S im ila r  
r e s u l t s  were r e p o r te d  by B lack (11) who found th a t  more th a n  one gene 
c o n tro ls  tu b e r  suape and t h a t  many ro u n d -tu b e re d  v a r i e t i e s  appeared  to  
be h e te rozygous f o r  tu b e r  sh ap e .
C la rk  and S tevenson  ( l 8 ) ,  working w ith  in b re d  p ro g e n ie s  o f  th e  
v a r ie ty  K atahd ln , found a  w ide range  o r  v a r i a t io n  in  tu b e r  sh ap e . Some 
p ro g e n ie s  were round l i k e  th e  v a r i e ty  Triumph w h ile  o th e rs  were long  and 
c y l in d r i c a l  l ik e  th e  v a r i e ty  R u sse t B urbank. These s e g re g a tio n s  i n d i ­
c a te d  t h a t  a t  l e a s t  p a r t  o f  th e  f a c to r s  f o r  tu b e r  shape a re  c a r r i e d  by 
K atahd ln  i n  a h e te rozygous c o n d it io n ;  how ever, a cc o rd in g  t o  C la rk  and 
S tevenson  (183, a  h igh  p e rc e n ta g e  o f  s h o r t  tu b e r  ty p e s  may be ex p ec ted  
to  be o b ta in e d  when K atahd ln  i s  c ro s se d  w ith  v a r i e t i e s  hav ing  s h o r t  
t u b e r s •
C la rk  and S tevenson  (18) r e p o r te d  t h a t  one o f  t h e  m ost o u t­
s ta n d in g  c h a ra c te r s  o f  th e  v a r i e ty  K atahd ln  has been  i t s  sh a llo w n ess  o f 
e y e s . They found  t h a t  when K atahd ln  was used  a s  a  p a re n t  i t s  progeny 
had a  very  h ig h  p e rc e n ta g e  o f  tu b e r s  w ith  sha llow  e y es .
Salam an (5 7 J 58; 59) found th a t  v a r i e t i e s  w ith  d eep ly  in c is e d  
eyes b re d  t r u e  f o r  t h i s  c h a ra c te r*  However, he a ls o  found t h a t  h y b rid s
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were no t co m p le te ly  dom inant a s  b o th  shallow  and deep eyes were found on 
d i f f e r e n t  tu b e rs  o f  th e  same v a r i e ty .  H e r ib e r t  (33) and Salam an (58$ 59) 
su g g ested  th a t  deep eyes were dom inant to  sh a llo w  eyes w h ile  E a s t (23) 
o b ta in e d  o p p o s ite  r e s u l t s  and  showed th a t  shallow  eyes were dom inant to  
deep e y e s . B lack  (10) re p o r te d  t h a t  deep eyes seemed to  be  r e c e s s iv e  
and were c o n tro l le d  by more th a n  one gene.
M a tu rity  has alw ays b een  an  im p o rtan t c h a r a c te r  o f  th e  p o ta to .  
K rantz (38) found a wide range in  tim e o f  m a tu r ity  in  th e  F2 a  c ro ss  
betw een two la te -m a tu r in g  v a r i e t i e s  and showed th a t  b o th  p a re n ts  were 
hete rozygous f o r  th e  f a c to r s  d e te rm in in g  tim e o f  m a tu r i ty .  K rantz  (38) 
su g g ested  t h a t  tim e  o f  m a tu r ity  was c o n tr o l le d  by many g en es. Salaman 
(59) r e p o r te d  t h a t  e a r l in e s s  was r e c e s s iv e  and th a t  e a r ly  v a r i e t i e s  b re d  
t r u e  fo r  e a r l i n e s s .
B lom quist and  Lauer (12) grew s ix te e n  p ro g en ie s  a t  two lo c a t io n s  
in  M innesota and s tu d ie d  s e e d lin g  tu b e r  s i z e ,  m a tu r i ty ,  tu b e r  s e t ,  and 
tu b e r  d e s i r a b i l i t y .  They found th a t  th e  lo c a t io n  by progeny i n te r a c t io n  
o b ta in e d  f o r  a l l  c h a ra c te r s  were d i r e c t l y  r e l a t e d  to  p a re n t  m a tu r i ty .
At one lo c a t io n  th e  e a r ly -m a tu rin g  p a re n t  c lo n es  perform ed b e t t e r ,  
w hereas a t  th e  o th e r  lo c a t io n  th e  la te -m a tu r in g  p a re n ts  perform ed b e t t e r .
Z ubeld ia  (7 9 ) , i n  r e c e n t  w ork, has shown th a t  c e r t a i n  te c h n iq u e s  
a re  h e lp f u l  i n  s e le c t in g  f o r  e a r l in e s s  in  th e  s e e d l in g  s ta g e .  He found 
t h a t  e a r ly  ty p e s  may be o b ta in e d  a t  an e a r ly  s ta g e  o f  growth by 
s e le c t in g  s e e d lin g s  w ith  an o p en -to p  f o l ia g e  grow th. S e e d lin g s  w ith  a 
c lo s e d - to p  f o l ia g e  grow th a re  e lim in a te d  a s  th e y  become l a t e  fo rm s.
S p e c if ic  g r a v i ty  o r  th e  d e n s i ty  o f tu b e rs  i s  c o n d it io n e d , l ik e  
y ie ld  and o th e r  c h a r a c te r s ,  by  g e n e t ic  f a c to r s  ( l j  6 8 ) . A keley and
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Stevenson  (1 ) r e p o r te d  t h a t  g e n e t ic  s e g re g a t io n  f o r  s p e c i f i c  g r a v i ty  was 
e v id e n t when th e  com parisons were made w ith in  th r e e  fa m ily  l i n e s .  
A lthough tu b e r s  o f  th e  same se e d lin g  d i f f e r e d  c o n s id e ra b ly  i n  s p e c i f i c  
g r a v i ty ,  c e r t a i n  o f  th e  d i f f e r e n c e s  betw een se e d lin g s  o f  th e  same 
progeny  were h ig h ly  s i g n i f i c a n t .
In  an o th e r s tu d y  on th e  in h e r i ta n c e  o f s p e c i f i c  g r a v i ty ,  A keley 
and S tevenson  (2) s e le c te d  and used  f iv e  p a re n ts  w ith  w ide d if f e r e n c e s  
in  s p e c i f i c  g r a v i ty .  S p e c if ic  g r a v i ty  d e te rm in a tio n s  were o b ta in e d  f o r  
f iv e  c lo n e s , fo u r  s e l f e d  l in e s  and e ig h t  c ro sse d  l i n e s .  The e ig h t  
c ro sse d  l in e s  r e p re s e n te d  v a rio u s  com binations o f s p e c i f i c  g r a v i ty  such 
a s  h igh  x h ig h , h ig h  x  medium, h igh  x low, and medium x low . T h e ir  
s tu d y  showed t h a t  th e  two p a re n ts  w ith  th e  h ig h e s t  s p e c i f i c  g r a v i ty  gave 
th e  h ig h e s t  mean s p e c i f i c  g ra v i ty  fo r  i t s  p rogeny . This was fo llo w ed  in  
o rd e r  by p a re n ts  w ith  s p e c i f i c  g r a v i ty  com binations o f  h ig h  x medium, 
h ig h  x low , and medium x low . Akeley and S tevenson  (2 )  concluded  t h a t  
th e  f iv e  v a r i e t i e s  were a l l  h e te rozygous w ith  r e s p e c t  to  s p e c i f i c  
g r a v i ty ,  t h a t  h ig h  s p e c i f i c  g r a v i ty  seemed to  b e  dom inant o v e r low 
s p e c i f i c  g r a v i ty ,  and t h a t  a lth o u g h  th e  number o f  g e n e tic  f a c to r s  was 
n o t d e te rm in ed , m u lt ip le  f a c to r s  seemed n e c e ssa ry  to  e x p la in  t h e i r  
r e s u l t s •
In  a  r e c e n t  s tu d y , P la i s te d  and P e te rso n  (5U) desig n ed  a n  e x p e r i ­
ment to  f in d  o u t i f  pheno typ ic  r e c u r r e n t  s e l e c t i o n  co u ld  be u sed  e f f e c ­
t i v e l y  to  in c r e a s e  s p e c i f i c  g r a v i ty .  Two c y c le s  o f  p h en o ty p ic  r e c u r r e n t  
s e l e c t i o n  were made from c ro s se s  in v o lv in g  f iv e  p a re n ts  w ith  h igh  
s p e c i f i c  g r a v i ty .  They found t h a t  an average  g a in  o f  abou t O.OOU u n i ts  
o f  s p e c i f i c  g r a v i ty  o f  th e  second cyc le  over th e  f i r s t  a s  m easured in
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two seasons was s i g n i f i c a n t  beyond th e  .005 l e v e l .  R e su lts  o f  s e e d lin g  
h i l l  s e le c t io n  showed th a t  sm a ll g a in s  co u ld  be made, b u t t h a t  i t  was 
n o t c o n s is te n t  enough f o r  g e n e ra l a p p l ic a t io n  to  s e e d lin g  s e l e c t i o n .
They concluded t h a t  where s e l e c t i o n  was f o r  ex trem ely  h ig h  s p e c i f i c  
g r a v i ty ,  a  m oderate s e l e c t i o n  th re s h o ld  would be g e n e ra l ly  e f f e c t i v e .
Cunningham and S tevenson  (21 ) r e p o r te d  on th e  in h e r i ta n c e  o f  
f a c to r s  a f f e c t in g  p o ta to  c h ip  c o lo r  and t h e i r  a s s o c ia t io n s  w ith  s p e c i f i c  
g r a v i ty .  They found t h a t  th e  h e r i t a b i l i t y  e s t im a te s  f o r  s p e c i f i c  
g r a v i ty  were c o n s id e ra b ly  low er th a n  th e  e s t im a te s  f o r  ch ip  c o lo r .  This 
in d ic a te d  t h a t  th e r e  was very  l i t t l e  r e l a t io n s h ip  betw een c h ip  c o lo r  and 
s p e c i f i c  g r a v i ty  and t h a t  th e s e  two c h a ra c te r s  a re  in h e r i te d  independ­
e n t ly .  S easo n a l e f f e c t  a ls o  seemed to  have a much g r e a te r  e f f e c t  on 
s p e c i f i c  g r a v i ty  th an  on ch ip  c o lo r .
L ike most o th e r  c ro p s , environm ent has been  found to  have a  g re a t
e f f e c t  on th e  g e n e tic  h e r i t a b i l i t y  o f  many c h a ra c te r s  in  th e  p o ta to .  
A ccording to  Heinze and  C ra f t  (3 1 ) ,  mapy f a c to r s  such as r a i n f a l l ,  day 
le n g th ,  te m p e ra tu re , s u n l ig h t ,  s o i l  ty p e , f e r t i l i z e r ,  i r r i g a t i o n ,  
fu n g ic id e s ,  i n s e c t i c i d e s ,  and v ine k i l l e r s  a l l  have an  e f f e c t  on th e  
s p e c i f i c  g ra v i ty  and o th e r  im p o rtan t c h a ra c te r s  o f  th e  p o ta to .  For 
exam ple, A keley and S tevenson  ( l )  found r e l a t i v e l y  la rg e  d if f e r e n c e s  in  
s p e c i f i c  g r a v i ty  o f th e  same v a r i e ty  grown in  th e  same f i e l d .  The
d if f e r e n c e s  i n  s p e c i f i c  g r a v i ty  were s t i l l  g r e a te r  when th e  same v a r ie ty
was grown a t  d i f f e r e n t  l o c a t io n s .  They concluded  t h a t  when a  d e f in i te  
m easu rab le  c h a r a c te r  such  a s  s p e c i f i c  g r a v i ty  v a r ie s  so g r e a t ly  in  
resp o n se  to  en v iro n m en ta l c o n d it io n s ,  i t  was not s u r p r i s in g  t h a t  one 
v a r ie ty  was n o t e q u a l ly  ad ap ted  t o  a l l  com binations o f  env ironm en t.
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The l i t e r a t u r e  c o n ta in e d  many r e p o r ts  concern ing  th e  e f f e c t  o f  
environm ent on th e  s p e c i f i c  g r a v i ty  o f  th e  p o ta to  (28 ; 32 ; U9> 5^; 5 1 ) .  
B urton (lU ) r e p o r te d  t h a t  th e r e  was no sim p le  e v a lu a t io n  o f  th e  e f f e c t s  
o f  any one f a c to r  upon th e  s p e c i f i c  g ra v i ty  o f  th e  p o ta to  a s  le n g th  o f  
day , te m p e ra tu re , r a i n f a l l ,  e t c . ,  b u t t h a t  a l l  had  a g r e a t  e f f e c t .
C lark  e t  a l .  (1 7 ) , w orking in  M aine, found a h igh  c o e f f i c i e n t  
c o r r e la t io n  betw een s p e c i f i c  g r a v i ty  and th e  se a s o n a l re sp o n se  o f  a  wet 
and dry  y e a r .  The d ry  seaso n  produced th e  h ig h e s t  s p e c i f i c  g r a v i ty  
w hile  th e  wet seaso n  produced th e  low est s p e c i f i c  g r a v i ty .  O ther 
w orkers (35 ; 50; 67) have re p o r te d  t h a t  h igh  amounts o f  r a i n f a l l  o r  
i r r i g a t i o n  w i l l  low er th e  s p e c i f i c  g r a v i ty  o f  p o ta to e s .  However,
T a lb u rt and Smith (7U) r e p o r t  t h a t  a p p l ic a t io n  o f w a te r  o f te n  may r e s u l t  
in  a  low er s p e c i f i c  g r a v i ty ,  bu t t h a t  th e re  a r e  in s ta n c e s  where th e  
a d d it io n  o f  w a ter has a c tu a l ly  r a i s e d  th e  s p e c i f i c  g r a v i ty .  A p paren tly  
a w a te r - s o i l  tem p era tu re  r e l a t i o n s h ip  o c c u rre d . I f  th e  se a so n  was 
ex trem ely  warm w ith  h ig h  s o i l  te m p e ra tu re , th e  w a te r had a  co o lin g  
e f f e c t  r e s u l t i n g  in  h ig h e r s p e c i f i c  g r a v i ty .
F u r th e r  work on th e  e f f e c t  o f  tem p era tu re  on th e  s p e c i f i c  g r a v i ty  
o f p o ta to e s  has been r e p o r te d  by Kunkel e t  a l .  (U o), who found t h a t  th e  
s p e c i f i c  g r a v i ty  o f  p o ta to e s  in c re a s e d  u n t i l  h o t w ea th e r s e t  i n .  A fte r  
th e  tem p era tu re  became warm, th e  v in e s  began to  d ie  and th e  s p e c i f i c  
g r a v i ty  d e c re a se d . B a rr io s  (6 )  a ls o  found  warm tem p era tu re s  to  low er 
th e  s p e c i f i c  g r a v i ty  o f  p o ta to e s .
Bonde and C oveil (13) found t h a t  s p e c i f i c  g r a v i ty  was low ered  by 
any f a c to r  which caused  p rem atu re  d ea th  o f  th e  p l a n t .  Such f a c to r s  were 
d e f o l i a t io n  by th e  l a t e  b l ig h t  d is e a s e  and by  in s e c t  i n f e s t a t i o n .  They
12
concluded th a t  a good sp ray  program would len g th en  th e  seaso n  and r e s u l t  
in  h ig h e r s p e c i f i c  g ra v i ty  o f th e  p o ta to  tu b e r s .  S im ila r  r e s u l t s  were 
re p o r te d  by Murphy e t  a l .  (U8) when they  found th a t  th e  in f lu e n c e  o f  
fu n g ic id e s  on s p e c i f ic  g ra v i ty  was caused by an in c re a se d  m a tu rity  o f 
th e  p la n t  th rough  t h e i r  p ro te c t io n  from  d e fo l ia t io n  d is e a s e s .  In  
s e v e ra l  in s ta n c e s  th e y  found c e r t a in  fu n g ic id e s  to  be more b e n e f ic ia l  
f o r  in c re a s in g  s p e c i f ic  g r a v i ty .
Timm and Merkle (7£) conducted f i e l d  experim ents i n  P ennsy lvan ia  
to  s tu d y  th e  e f f e c t  o f  th e  so u rce  o f  potassium  on th e  s p e c i f i c  g ra v i ty  
o f  p o ta to e s . They found th e  s p e c i f i c  g ra v i ty  to  be low ered when KC1 was 
used in  p lac e  o f I^SO^. S im ila r  r e s u l t s  were re p o r te d  by L aughlin  (U l) 
who found t h a t  b o th  sp ray  and s o i l  a p p lic a t io n s  o f  KC1 reduced s p e c i f ic  
g r a v i ty .
Most in v e s t ig a to r s  have p o ssessed  a w idespread  b e l i e f  t h a t  a  h igh  
degree of u n ifo rm ity  shou ld  e x i s t  i n  v e g e ta t iv e ly  p ro p ag a ted  m a te r ia l  
(7 2 ) . However, in  c o n tr a s t  to  t h i s  concep t, s e v e r a l  w orkers ( 6 l j  62) 
have re p o r te d  a  w ide v a r i a t io n  in  th e  com position  o f  in d iv id u a l  tu b e rs  
w ith in  th e  v a r ie ty .  G oldthw aite  (26) concluded from h is  r e s u l t s  t h a t  no 
two tu b e r s ,  w hether o f  th e  same v a r ie ty  o r  from th e  same p la n t ,  had 
e x a c tly  th e  same com position .
S tevenson and Whitman (72) measured th e  v a r i a b i l i t y  and a ttem p ted  
to  determ ine  what f a c to r s  c o n tr ib u te  to  th e  v a r i a b i l i t y  found i n  a 
cooking t e s t .  Four p o p u lar v a r i e t i e s  were grown a t  s e v e ra l  lo c a tio n s  
and judged as to  t h e i r  cooking q u a l i ty  by a t a s t e  p a n e l . A lthough th e y  
found th e  v a r i a b i l i t y  between v a r ie ty  and lo c a t io n  to  be  h ig h , c e r t a in  
v a r i e t i e s  m ain ta ined  a  b e t t e r  q u a l i ty  th a n  o th e rs  over a wide range  o f
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c o n d it io n s .
S e v e ra l in v e s t ig a to r s  have r e p o r te d  t h a t  pho toperiod ism  has a  
g re a t  e f f e c t  on th e  p o ta to ,  f i l l e r  and *lcG oldrick (U5J> w orking in  
L o u is ia n a , s tu d ie d  th e  e f f e c t  o f  le n g th  o f day on v e g e ta t iv e  grow th , 
m a tu r ity , y i e ld ,  and  sm oothness o f  th e  p o ta to  grown under f i e l d  and 
c o n tro l le d  c o n d it io n s .  They worked w ith  d i f f e r e n t  v a r i e t i e s  grown under 
d i f f e r e n t  p h o to p e rio d s  t h a t  were com parable to  th e  s p r in g  and f a l l  
growing seasons in  L o u is ia n a . The s p r in g  seaso n  had e le v en  and o n e -h a lf  
hours o f  d a y lig h t  in c re a s in g  to  fo u r te e n  h o u rs , and th e  f a l l  seaso n  had 
fo u r te e n  hours o f  d a y lig h t  d e c re a s in g  to  te n  h o u rs . The s h o r t  days 
showed l e s s  v e g e ta t iv e  grow th , e a r l i e r  m a tu r i ty ,  and sm oother tu b e r s ;  
w h ile  under th e  lo n g  d ay s, th e  p la n ts  were more v e g e ta t iv e ,  m atured l a t e r ,  
and th e  tu b e r s  were d eep e r-ey ed  and  more i r r e g u l a r  i n  shape .
L arly  work by G arner and A lla rd  (25) showed th a t  a  ve ry  long  day­
l i g h t  p e r io d  ten d s  to  d i r e c t  th e  a c t i v i t i e s  o f th e  p o ta to  p la n t  tow ard  
v e g e ta t iv e  developm ent t o  th e  e x c lu s io n  o f  tu b e r  s e t .  T in c le r  (76) 
n o ted  some v a r i e t a l  d i f f e r e n c e s  i n  th e  r e a c t io n  to  le n g th  o f  day , b u t in  
g e n e ra l  he found th e  r a t i o  o f  to p s  to  tu b e rs  to  be abou t seven  tim es 
h ig h e r  a t  t h i r t e e n  hours th a n  a t  te n  h o u rs . During th e  t e n  h o u rs , th e r e  
no doubt was a sm a lle r  p ro p o r t io n  o f  th e  t o t a l  p ro d u c tio n  o f  carbohy­
d ra te s  b e ing  u sed  f o r  v ine grow th, which r e s u l te d  in  th e  su rp lu s  o f 
ca rb o h y d ra te s  b e in g  a v a i la b le  fo r  tu b e r  fo rm a tio n  ( l l i ) .
D riv e r  and Hawkes (22) in v e s t ig a te d  tn e  r e a c t io n  to  le n g th  o f day 
o f  c e r t a i n  sp e c ie s  o f Solanum. They found t h a t  th e s e  sp e c ie s  v a r ie d  
w ide ly  in  t h e i r  resp o n se  to  day le n g th ,  i a t u r i t y  was h as ten ed  by s h o r t  
days a t  norm al te m p e ra tu re , b u t under low tem p era tu re  th e  re v e r s e  was
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t r u e .  Under a  long  day th e y  found t h a t  i t  took  o v er tw ice  as long to  
m ature as under a s h o r t  day .
Bdmundson (2k)  conducted  a s tu d y  w ith  p o ta to e s  grown in  th e  g reen ­
house a t  n in e - ,  e le v e n - ,  and th ir te e n - h o u r  p h o to p e rio d s . He found th a t  
th e  d i f f e r e n t  p h o to p e rio d s  had l i t t l e  e f f e c t  on th e  d iam eter o f  th e  stem ; 
however, he d id  f in d  a s ig n i f ic a n t  d if f e r e n c e  i n  th e  h e ig h t  o f  th e  p la n t s .  
The t a l l e s t  p la n ts  were produced w ith  th e  lo n g e s t p h o to p e rio d .
The a s s o c ia t io n  betw een s p e c i f i c  g r a v i ty  o f th e  raw p o ta to  tu b e r  
and th e  m ea lin ess  o f th e  cooked p roduct has been  re p o r te d  by s e v e r a l  
w orkers (16 ; 19; 6 1 ). P o ta to  tu b e rs  o f h igh  s p e c i f ic  g r a v i ty  h a w  in  
some cases  g iven  a  c h a r a c t e r i s t i c a l l y  mealy p ro d u c t, w h ile  th o se  o f  low 
s p e c i f i c  g r a v i ty  nave become w a te ry  o r soggy when cooked. According to  
Shark (6 1 ) , th e  a s s o c ia t io n  o f  h ig h  s p e c i f i c  g ra v i ty  and m ea lin ess  has 
been  known s in c e  1852. However, n o t a l l  ex p erim e n ta l ev idence  has 
su p p o rted  t h i s  su g g e s te d  r e l a t io n s h ip .
In  g e n e ra l ,  th e  l i t e r a t u r e  concern ing  th e  r e l a t io n s h ip  betw een 
s p e c i f i c  g ra v i ty  and m ea liness  i s  c o n tr o v e r s ia l .  Nylund and Poivan (52) 
and Unrau and Itylund (77) found t h a t  s p e c i f i c  g ra v i ty  o f  p o ta to  tu b e rs  
p ro v id ed  a poor e s t im a te  o f  t h e i r  cooking q u a l i ty .  They found  p o ta to e s  
o f  i d e n t i c a l  s p e c i f i c  g r a v i ty  t o  d i f f e r  i n  m e a lin e ss . Hylund and Poivan 
(52) r e p o r te d  t h a t  th e  d a te  o f  p la n t in g  in f lu e n c e d  th e  r e l a t io n s h ip  
betw een s p e c i f i c  g r a v i ty  and m e a lin e ss . B a rr io s  (6 ) a ls o  found th a t  d a te  
o f  p la n t in g ,  in  a d d i t io n  to  v a r ie ty ,  in f lu e n c e d  s p e c i f i c  g r a v i ty  and 
m e a lin e ss .
Other w orkers have found a d isc re p a n c y  in  th e  r e l a t io n s h ip  o f 
s p e c i f i c  g r a v i ty  and m e a lin e s s . Greenwood e t  a l .  (27) t e s t e d ,  by th e
15
sen so ry  method, s ix  v a r i e t i e s  o f  p o ta to e s  grown on two farm s in  
C onnecticu t and found  t h a t  th e  v a r i e t i e s  d i f f e r e d  s i g n i f i c a n t l y  from one 
a n o th e r  b o th  i n  s p e c i f i c  g ra v i ty  and m ealiness*  They concluded t h a t ,  in  
e v a lu a t in g  th e  m ea lin e ss  o f  new v a r i e t i e s  o f p o ta to e s ,  i t  would seem 
th a t  se n so ry  methods shou ld  be employed as w e l l  a s  s p e c i f i c  g r a v i ty  
r a t in g s  u n t i l  a  more s a t i s f a c to r y  o b je c t iv e  method can be  found .
K irk p a tr ic k  e t  a l .  (3 7 ) , working w ith  fo u r  v a r i e t i e s  o f  e a r ly -  
crop  p o ta to e s ,  found no s i g n i f i c a n t  c o r r e l a t io n  betw een s p e c i f i c  g r a v i ty  
and m ea lin e ss  in  b o i le d ,  mashed, o r baked p o ta to e s .  Such a c o r r e la t io n  
shou ld  have e x is te d ,  they  p o in te d  o u t ,  s in c e  a  s i g n i f i c a n t  c o r r e la t io n  
e x is te d  betw een s p e c i f ic  g r a v i ty  and dry  m a tte r , and betw een m ea liness 
and d ry n ess as de te rm ined  by t a s t e  t e s t s  w ith  b o i le d  and mashed p o ta to e s .
B a rrio s  e t  a l .  (7 )  re p o r te d  on v a r ia t io n s  in  m ea liness and 
chem ical com position  o f  sou thern-grow n p o ta to e s  and tu b e rs  o f th e  same 
v a r i e t i e s  produced a t  a n o r th e rn  lo c a tio n *  In  t h i s  s tu d y  m ea lin ess  was 
c o r r e la te d  w ith  s p e c i f i c  g r a v i ty ,  t o t a l  s t a r c h ,  amylose and am ylopectin* 
They found t h a t  s p e c i f ic  g r a v i ty  and m ea lin ess  were s i g n i f i c a n t l y  
c o r r e la te d  in  tu b e r s  grown a t  so u th e rn  lo c a t io n s  du rin g  th e  sp r in g  
seaso n ; however, th e y  found no c o r r e l a t io n  betw een s p e c i f i c  g ra v i ty  and 
m ea lin ess  o f th e  f a l l  c rop  grown i n  e i t h e r  th e  South o r th e  N orth .
F a c to rs  o th e r  th a n  s p e c i f i c  g r a v i ty  seemed to  have a  g r e a te r  in f lu e n c e  
on m ea lin e ss  as th e y  found a d e f i n i t e  c o r r e l a t io n  betw een m ea liness  and 
th e  p e r cen t am ylose and t o t a l  s t a r c h .  Amylose and t o t a l  s t a r c h  c o n te n t 
were a ls o  h ig h ly  c o r r e la te d .  They concluded t h a t  amylose c o n te n t 
appeared  to  be a  more o b je c tiv e  method o f p r e d ic t in g  q u a l i ty  th a n  e i t h e r  
s p e c i f i c  g ra v i ty  o r  t a s t e  p a n e l m ethods.
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In  a n o th e r  s tu d y  th e  same in v e s t ig a to r s  (8 )  a ttem p ted  to  c o r r e ­
l a t e  th e  p o s s ib le  v a r i a t i o n  in  m ea liness w ith  th e  p h y s ic a l  c h a r a c te r ­
i s t i c s  o f th e  p o ta to .  In  t h i s  s tu d y  th e y  r e p o r te d  on th e  r e l a t io n s h ip  
o f c e l l  s iz e  to  s p e c i f i c  g r a v i ty ,  m e a lin e s s , and s ta r c h  c o n te n t .  They 
found tu b e r  c e l l  s iz e  to  be s ig n i f i c a n t ly  r e l a te d  t o  s p e c i f i c  g r a v i ty  
and m e a lin e s s . Tubers o f  v a r i e t i e s  c o n ta in in g  th e  l a r g e s t  c e l l s  were 
r a te d  h ig h e s t  in  m ea lin ess  by a  t a s t e  p a n e l . Tuber c e l l  s i z e  and  s ta r c h  
c o n te n t were a ls o  h ig h ly  c o r r e la te d ,  in d ic a t in g  t h a t  s t a r c h  c o n te n t was 
a s s o c ia te d  w ith  c e l l  s iz e  o f tu b e r s .
Even though most in v e s t ig a to r s  found l i t t l e  o r  no c o r r e l a t io n  
betw een s p e c i f ic  g ra v i ty  and m e a lin e ss , s e v e r a l  w orkers r e p o r te d  some 
a s s o c ia t io n  and used s p e c i f i c  g r a v i ty  a s  a  c r i t e r i o n  f o r  d e te rm in in g  
m ea lin ess  and good cooking q u a l i ty  o f  th e  p o ta to .  C e c il e t  a l .  (16) 
conducted  a t a s t e  p a n e l t o  de te rm ine  consum ers' resp o n se  to  th e  cooking 
q u a l i ty  o f  p o ta to e s  o f h igh  an d  low s p e c i f i c  g r a v i ty .  T h e ir  t e s t s  showed 
t h a t  h ig h  s p e c i f i c  g ra v i ty  had a h ig h ly  s i g n i f i c a n t  e f f e c t  on m ea liness  
and s lo u g h in g . The p o ta to e s  o f  h igh  s p e c i f i c  g r a v i ty  were more m ealy 
and had a  b e t t e r  f la v o r  when baked , w hile  p o ta to e s  o f low s p e c i f i c  
g r a v i ty  were l e s s  mealy and s loughed  le s s  when b o i le d .
Shark e t  a l .  (61) e v a lu a te d  seven  p o ta to  v a r i e t i e s  by a  t a s t e  
p a n e l o f  th r e e  ju d g es to  determ ine  th e  r e l a t io n s h ip  o f  s p e c i f i c  g ra v i ty  
and m ea liness o f  th e  cooked p ro d u c t. They found th e  d i f f e r e n c e s  betw een 
th e  seven  v a r i e t i e s  were s i g n i f i c a n t  when compared w ith  m ea lin e ss  sc o re s  
o f  t a s t e  p a n e ls .  However, Shark e t  a l .  (61) concluded  th a t  th e r e  were 
some f a c to r s  o th e r  th a n  s p e c i f i c  g r a v i ty  t h a t  in f lu e n c e d  th e  e v a lu a t io n  
o f  m ea lin ess  by th e  ju d g e s .
O ther l im i ta t io n s  concern ing  s p e c i f i c  g r a v i ty  a re  r e p o r te d  by 
W itteriberger (7 8 ) , who found t h a t  th e  r e l a t io n s h ip  betw een s p e c i f i c  
g r a v i ty  and s lo u g h in g  depended upon th e  p h y s io lo g ic a l  c o n d it io n  and  
s to ra g e  h i s to r y  o f th e  t u b e r s .  The e x te n t  o f s lo u g h in g  may d e c rea se  
o r  in c re a s e  w ith o u t any change in  s p e c i f i c  g r a v i ty ,  o r  s lo u g h in g  may 
even d e c rea se  as s p e c i f i c  g ra v i ty  in c r e a s e s .  He concluded  t h a t  any 
f a c to r  w hich d e c re a se s  th e  amount o f  s ta r c h  per c e l l ,  such  as s to ra g e  
te m p e ra tu re , h a s te n s  th e  developm ent o f a  l e s s  m ealy t e x t u r e .
Sharma e t  a l .  (62) re p o r te d  on the  d i f f e r e n c e s  i n  s p e c i f ic  
g ra v i ty  w ith in  th e  th r e e  c o n c e n tr ic  zones o f  th e  p o ta to  tu b e r .  The p i th  
and th e  two o u te r  zones o f th e  tu b e r  were s tu d ie d .  They found th a t  
p o ta to  v a r i e t i e s  w ith  h ig h  s p e c i f ic  g r a v i ty  had a c h a r a c t e r i s t i c a l l y  
h ig h e r  s p e c i f i c  g r a v i ty  i n  th e  two o u te r  zo n es, w n ile  p o ta to  v a r i e t i e s  
w ith  low s p e c i f i c  g ra v i ty  e x p re ssed  co m p ara tiv e ly  l i t t l e  d i f f e r e n c e s  in  
s p e c i f i c  g r a v i ty  betw een zones.
In  a n o th e r  s tu d y , Sharma e t  a l .  (63) s tu d ie d  th e  in f lu e n c e  o f  
s p e c i f i c  g r a v i ty  and  chem ical com position  on h a rd n ess  o f p o ta to  tu b e rs  
a f t e r  cook ing . P o ta to e s  t h a t  were f irm  o r h a rd  a f t e r  cooking were 
g e n e ra l ly  c h a r a c te r iz e d  by a  h ig h e r c o n te n t o f  in s o lu b le  p e c t in s  and 
h e m ic e llu lo se s  and were h ig h e r  I n  s p e c i f i c  g r a v i ty .
S is tru n k  e t  a l .  (6$) found l i t t l e  r e l a t i o n s h ip  betw een s p e c i f i c  
g r a v i ty ,  ch ip  c o lo r ,  an d  m ea lin e ss  o f  p o ta to e s  grown i n  L o u is ia n a . 
However, Lyman and Mackey (UU), w orking in  Oregon, found a  d e f in i t e  
c o r r e l a t io n  betw een ch ip  c o lo r  and s p e c i f i c  g r a v i ty .  Tubers o f  h ig h e r  
s p e c i f i c  g r a v i ty  c o n s i s te n t ly  p roduced c h ip s  o f  l i g h t e r  c o lo r  th a n  d id  
tu b e r s  o f low er s p e c i f i c  g r a v i ty .
MATERIALS AND .METHODS
D e sc r ip tio n  o f  M a te r ia l
E xperim ents were d esig n ed  to  determ ine th e  e f f e c t  o f  environm ent 
on th e  phenotype o f  c e r t a i n  h e r i t a b le  c h a ra c te r s  found i n  th e  I r i s h  
p o ta to , Soianum tuberosum . The g e n e t ic  v a r i a b i l i t y  o f  f i r s t  and  second 
c lo n a l  g e n e ra tio n s  grown i n  th e  so u th e rn  and n o r th e rn  p a r t s  o f  th e  
U nited  S ta te s  was s tu d ie d .  S p e c ia l  em phasis was p la c e d  on s p e c i f i c  
g r a v i ty .  C oncurrent s tu d ie s  were a ls o  made on pheno typ ic  v a r i a b i l i t y  
o f  p la n t  m a tu r ity , v ig o r , tu b e r  sh ap e , tu b e r  eye d e p th , an d  tu b e r  
ap p ea ran ce .
Ten p o ta to  progeny l in e s  developed  from  one s e l f - p o l l i n a t i o n  and 
n ine  c ro s s  p o l l in a t io n s  were grown a t  Baton Rouge, L o u is ia n a , and a t  
Grand F o rk s , N orth D akota. Tubers o f  th e s e  progeny l in e s  were p la n te d  
and h a rv e s te d  a t  th e  Ben Hur E xperim en tal Farm, B aton Rouge, L o u is ia n a , 
i n  1963 and a t  th e  P o ta to  R esearch  Farm, Grand F o rk s , N orth D akota, 
d u rin g  1962 and 1963. P ed ig ree  numbers and p a re n ts  o f  th e  te n  fam ily  
l in e s  which produced  p ro g en ie s  fo r  t e s t i n g  a re  g iven  in  Table 1 .
Twelve p a re n ts  which re p re se n te d  a  wide range o f  h o r t i c u l t u r a l  
c h a ra c te r s  were used  in  t h i s  s tu d y . T able 2 shows th e  mean s p e c i f i c  
g r a v i ty  and n u m erica l r a t i n g  o f th e  tw elve  p a re n ts  grown i n  L o u is ia n a  
and North D akota. P a re n ts  were s e le c te d  which re p re s e n te d  a  wide range 
i n  s p e c i f ic  g ra v i ty  a s  w e ll  a s  wide d if f e r e n c e s  in  o th e r  h o r t i c u l t u r a l  
c h a ra c te r s  (T ab les 2 and 3 ) .
Nine o f  th e  p a re n ts  chosen were named v a r i e t i e s  w h ile  th r e e  were 
advanced c lo n a l  s e l e c t i o n s .  I r i s h  C obbler, K atahd in , and littiite Rose
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TABUS 1 . P ed ig ree  number, p a re n tag e , and  number o f  c lones p la n te d  and h a rv e s te d  a t  Baton Rouge, 
L o u is ian a , and Grand F orks, North Dakota, 1962-1963
F i r s t  c lo n a l  g en e ra tio n  
grown in  N. D ak., 1962
Second c lo n a l g e n e ra tio n  





• o f  clones 
p la n te d
No. o f c lones 
h a rv e s te d
No. o f  c lones 
p la n te d
No. o f c lones 
h a rv ested
1 S a rly  Gem x  K atahdin 186 125 125 116
2 La Chipper x  K atahdin 177 110 110 73
3 I r i s h  Cobbler x  K atahdin 180 130 130 120
U White Rose x K atahdin lh 6 91 91 65
6 K atahdin s e l f e d U8 31 31 13
7 Bounty x ND U52l;-l6R 130 100 100 66
8 Bounty x  ND U52U-7R IhO 100 100 62
9 Bounty x Viking 130 100 100 77
10 Norland x TL 1859 130 100 100 68
11 Catoosa x Norland 99 65 65 50
T o ta l 1 ,366 952 952 710
TABLE 2. Specific gravity reading and numerical ratings o f the twelve parents grown in  Louisiana and
North Dakota during 1963
P aren t
S p e c if ic
g ra v ity








N .D . La. N . D .  1Ga. N . D . La. N . D . La. N . D . La. N .D . La.
Bounty 1.083 1.059 u u 5 3 3 U 3 u h 3
Catoosa 1.076 1.059 2 3 3 2 U h h u 2 h
I r i s h  Cobbler 1.090 1.079 2 1 2 1 3 1 2 2 2 3
E arly  Gem 1.078 1.057 1 1 2 2 1; 5 U 3 3 3
K atahdin 1.089 1.058 h U 3 3 2 1* 3 1* 3 U
La Chipper 1.09U 1.070 2 2 3 3 1 l 2 3 U U
Norland 1.071 1.058 1 1 2 1 u L U It h h
Viking 1.093 1.062 3 3 3 3 u h u U 3 h
White Hose 1.080 1.060 3 3 k h 7 7 L h 2 3
ND U$2U-7R 1.083 1.057 3 3 3 U 2 1 U h U U
ND U52U-16R 1.098 1.072 h k 5 1* k 1 3 h 1* 1*
TL 1859 1.092 1.Q5U h 3 1* 3 6 L 3 k 2 3
Mean 1.086 1.062 2 .8 2.7 3 .3 2.8 3 .7 3 .3 3 .3 3 .7 3 .1 3 .6
al  ■ very e a r ly ;  5 ■ very  l a t e ,  
b l  ■ very  poor; 5 “ extreme v ig o r .
C1 « round; 7 " long .
j
1 * deep; 5 * very  shallow . 
e l  ■ very poor; 5 = good appearance.




S p e c if ic
g ra v i ty
P la n t







N.D. La. N.D. La. N.D. La. N.D. La. N.D. La. N.D. La.
1 E arly  Gem x K atahdin I.O8I4, 1.058 2.5 2.5 2.5 2.0 3.0 U.5 3.5 3.5 3.0 3.5
2 La Chipper x  K atahdin 1.092 I . 06U 3.0 3.0 3.0 3.0 1.5 2.5 2.5 3.5 3.5 U.o
3 I r i s h  Cobbler x  K atahdin 1.090 1.069 3.0 2.5 2.5 2.0 2.5 2.5 2.5 3.0 2.5 3.5
U White Rose x K atahdin 1.085 1.059 3.5 3.5 3.5 3.5 U.5 5.5 3.5 U.o 2.5 3.5
6 K atahdin s e lfe d 1.089 1.058 U.O U.O 3 .0 3.0 2 .0 U.O 3.0 U.o 3.0 U.o
7 Bounty x ND U52U-16R 1.095 1.066 U.O U.o 5.0 3.5 3.5 2.5 3.0 U.o U.o 3.5
8 Bounty x ND U52U—7R 1.083 1.058 3.5 3.5 U.o 3.5 2.5 2.5 3.5 U.o U.o 3.5
9 Bounty x Viking 1.088 1.061 3.5 3.5 U.o 3.0 3.5 U.o 3.5 U.o 3.5 3.5
10 Norland x TL 1859 1.082 1.059 2.5 2.0 U.5 3.0 5.0 U.o 3.5 U.o 3.0 3.5
11 Catoosa x Norland 1.07U 1.059 1.5 2.0 2.5 2.0 U.o U.o U.o U.o 3.0 U.o
aM id-parent v a lu e  fo r  each p a re n ta l  recom bination . 
^1 “ very  e a r ly ;  5 ■ very  l a t e .
C1 ■ very  poor; 5 * extrem e v ig o r .
dl  ■ round; 7 * long
el  ■ deep; 5 ■ very  sh a llo w .
f
1 ■ very  poor; 5 ” good appearance.
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were w e ll  e s ta b l is h e d  -v a r ie tie s  o f  r a t h e r  o ld  o r ig in  w h ile  Bounty, 
C atoosa, E a rly  Gem, La C hipper, N orland, and V iking were o f  r e l a t i v e l y  
new o r i g in ,  ND U52U-7R and ND U52U-16R. were advanced s i s t e r  s e le c t io n s  
from North Dakota S ta te  U n iv e r s i ty 's  b reed in g  program , w h ile  TI. 18$9 
was an advanced c lo n a l  s e l e c t io n  from th e  U nited  S ta te s  Departm ent o f  
A g r ic u l tu re ,  L o u is ian a  S ta te  U n iv e r s i ty 's  b ree d in g  program .
C rosses made and progeny d e riv ed  from  th e s e  p a re n ts  r e p re s e n te d  
s p e c i f i c  g ra v i ty  com binations o f  h igh  x h ig h , h ig h  x medium, h ig h  x low , 
medium x medium, medium x low , and low x low . In  a d d i t io n ,  p a r e n ta l  
v a r i e t i e s  p roduced  progeny  t h a t  re p re s e n te d  d i f f e r e n t  reco m b in a tio n s o f 
p la n t  m a tu r i ty ,  v ig o r ,  tu b e r  sh ap e , tu b e r  eye d e p th , and tu b e r  a p p e a r­
ance*
E xperim en ta l P rocedures
Greenhouse S eed lin g s  Grown in  L o u is ia n a  an d  N orth Dakota
P o ta to ’ s e e d lin g  tu b e r s  were produced from  t r u e  p o ta to  s e e d  grown 
a t  L o u is ian a  and N orth Dakota S ta te  U n iv e r s i t i e s .  True p o ta to  seed  
d e riv e d  from c ro s s -  and s e l f - p o l l i n a t io n s  had p re v io u s ly  been h a rv e s te d  
in  th e  f i e l d  a t L o u is ia n a  S ta te  U n iv e rs ity  and in  th e  greenhouse a t  
N orth Dakota S ta te  U n iv e rs i ty .  In  o rd e r  t o  o b ta in  a l l  d i f f e r e n t  p a r e n ta l  
recom bina tions needed f o r  t h i s  s tu d y , i t  was n e c e ssa ry  to  grow f i w  
s e e d lin g  f a m il ie s  a t  each  lo c a t io n .
True p o ta to  seed  were p la n te d  in  s e e d lin g  f l a t s  c o n ta in in g  
v e rm ic u lite  in  A ugust, 1961, i n  th e  greenhouse a t  L o u is ia n a  S ta te  
U n iv e rs i ty . The p o ta to  s e e d l in g s  were t r a n s p la n te d  in to  3 - in c h  c la y  
p o ts  in  e a r ly  Septem ber. On January  U and 5 , 1962, a f t e r  p ro p e r tu b e r
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s i z e  had been a ch ie v e d , one to  fo u r  s e e d lin g  tu b e r s  from  each p la n t  were 
h a rv e s te d  and  saved  s e p a r a te ly  w ith in  family l i n e s .  S eed lin g  tu b e rs  
from a l l  fa m ily  l in e s  were i d e n t i f i e d  and s to r e d  a t  U0° F. u n t i l  A p r i l  
and th en  sh ip p ed  to  North Dakota S ta te  U n iv e rs i ty  f o r  p la n t in g .
True p o ta to  se ed  were p la n te d  in  s e e d lin g  f l a t s  c o n ta in in g  w e ll-  
mixed p o t t in g  s o i l  du ring  J u ly ,  1961 in  th e  greenhouse a t  N orth Dakota 
S ta te  U n iv e rs i ty , and th e  se e d lin g s  were su b seq u e n tly  t r a n s p la n te d  in to  
3 -in c h  c la y  p o ts  on August 1 , On November 2 and 3 ,  a f t e r  p ro p e r tu b e r  
s iz e  had been a ch ie v e d , a l l  s e e d lin g  p la n ts  were h a rv e s te d  and saved  
s e p a r a te ly .  A ll  tu b e rs  h a rv e s te d  were p ro p e r ly  i d e n t i f i e d  and s to re d  
a t  U0° F . u n t i l  sp r in g  p la n t in g .
F i r s t - f e a r  C lonal G en era tio n  Grown a t  Grand F o rk s , N orth  D akota, 1962
In  th e  s p r in g  o f  1962 th e  f i r s t  f i e l d  p la n t in g  o f  th e  t e n  fam ily  
l in e s  was made a t  Grand F o rk s , North D akota. Greenhouse s e e d lin g  
tu b e r s  t h a t  had p re v io u s ly  been grown a t  L o u is ia n a  S ta te  U n iv e rs ity  and 
North Dakota S ta te  U n iv e rs i ty  were p la n te d  a s  s e p a ra te  c lo n a l  l in e s  on 
June 12, 1962. S eed lin g  tu b e r s  were p la n te d  w ith  an  a s s i s t e d  fe e d  
p o ta to  p l a n t e r .  Three hundred pounds o f  16-16-8 f e r t i l i z e r  were a p p lie d  
i n  th e  furrow  a t  p la n t in g  t im e .
S e e d lin g  f a m il ie s  were p la n te d  in  b lo c k s . Each s e e d lin g  tu b e r  
was spaced  1 fo o t  w ith in  th e  row a id  3 f e e t  between row s. S eed lin g  
tu b e rs  r e p re s e n tin g  th e  f i r s t  c lo n a l  g e n e ra tio n  were p la c e d  5 f e e t  
betw een each progeny l i n e .  During th e  grow ing se a so n , r e g u la r  a p p l i ­
c a t io n s  o f  i n s e c t ic id e s  and  fu n g ic id e s  were a p p lie d  by a  h ig h -p re s s u re  
s p ra y e r .
S e v e ra l c lo n e s  were l o s t  d u rin g  th e  growing seaso n  (T ab le  1 ) .
2U
This lo s s  o r  r e d u c tio n  in  number a t h a rv e s t was a t t r ib u t e d  to  poor or 
no tu b e r iz a t io n  and g e n e ra l lo s s  cLring th e  season .
On Septem ber 25, 1962, th e  v ines were r e m o ld  by r o to - b e a t in g ,  
and on O ctober 1 a l l  c lones were h a rv e s te d  by a s in g le -ro w , le v e l-b e d , 
t r a c to r - d r iv e n  p o ta to  d ig g e r . Nine hundred and f i f ty - tw o  c lones r e p re ­
se n tin g  th e  te n  fam ily  l in e s  were h a rv e s te d  and saved s e p a ra te ly .
Follow ing h a rv e s t ,  re c o rd s  were tak en  on s p e c i f ic  g r a v i ty ,  tu b e r  
shape , eye d ep th , and tu b e r  appearance. S p e c if ic  g ra v i ty  was determ ined  
by th e  s a l t  b r in e  method (U9)« The p o ta to  hydrom eter was n o t used 
because most c lones lacked  th e  8 pounds o f tu b e rs  needed f o r  i t s  c a l i ­
b r a t io n .  Data concern ing  tu b e r  shape, tu b e r  eye dep th , and tu b e r  
appearance were ta k e n  by a s ta n d a rd  r a t in g  s c a le  d ev ised  f o r  t h i s  s tu d y .
A f te r  a l l  n ecessa ry  d a ta  were re c o rd e d , two to  th r e e  tu b e rs  from 
each clone were sh ipped  to  Baton Rouge, L o u is ian a , f o r  p la n t in g  du ring  
Jan u ary , 1963. The rem ainder o f a l l  c lo n es were s to re d  a t  th e  
U n iv e rs ity  o f  North Dakota u n t i l  p la n tin g  i n  e a r ly  May, 1963.
A lthough 952 c lones were h a rv e s te d , on ly  those  c lones which were 
re p re se n te d  in  a l l  t e s t s  were in c lu d ed  in  th e  s t a t i s t i c a l  an a ly ses  and 
t a b l e s .
Second C lonal G eneration  Grown a t  Baton Rouge, L o u is ian a , 1963
On January  29 , 1963, n ine  hundred and f i f ty - tw o  c lones d e riv e d  
from  f i r s t  c lo n a l  g e n e ra tio n  grown i n  N orth Dakota were p la n te d  a t  
Baton Rouge, L o u is ia n a . Each o f  th e  c lones was to  have been  re p re se n te d  
by an e i g h t - h i l l  c lo n a l  p lo t j  however, due to  damage o f  th e  tu b e r  seed  
by f r e e z in g ,  some o f  th e  c lo n es  were n o t re p re se n te d  by e ig h t h i l l s *
The p lo t  was p la n te d  by hand w ith  each tu b e r  spaced approx im ate ly  1 fo o t
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w ith in  th e  row and U l / 2  f e e t  betw een row s. The 952 c lo n a l  l in e s  were 
spaced  a p p ro x im ate ly  3 f e e t  a p a r t  w ith  each  o f th e  t e n  progeny l i n e s  
p la n te d  i n  b lo c k s . The tw elve p a r e n ta l  v a r i e t i e s  used  in  t h i s  s tu d y  
were p la n te d  a d ja c e n t  t o  th e  c lo n a l b lo c k s .
Four a p p l ic a t io n s  o f  i r r i g a t i o n  w a te r  r e p re s e n tin g  app rox im ate ly  
U inch es o f  w a te r were a p p lie d  to  th e  p lo t  d u rin g  th e  se a so n . R egular 
a p p l ic a t io n s  o f  fu n g ic id e s  and in s e c t ic id e s  were made to  c o n tr o l  fungus 
d is e a s e s  and in s e c t s .
On May 29 , 1963, p la n t  m a tu r i ty  and v ig o r re a d in g s  were reco rd ed  
f o r  a l l  c lo n e s .  Clones were r a te d  f o r  p la n t  m a tu r ity  and v ig o r  u s in g  a 
n u m erica l r a t in g  s c a l e .  On May 30 and 31 th e  p lo t  was h a rv e s te d  by th e  
use o f  a  t r a c to r - d r iv e n  p o ta to  d ig g e r , common to  t h a t  a r e a .  Seven 
hundred and te n  c lo n es  su rv iv e d  t h i s  t e s t  and were h a rv e s te d  and saved  
s e p a r a te ly  (T ab le  1 ) .  Im m ediately  fo llo w in g  h a r v e s t ,  s p e c i f i c  g ra v i ty  
was ta k e n  on a l l  c lo n e s  w ith  a  p o ta to  hydrom eter. The w eigh t i n  w ater 
and a i r  method was u sed  on ly  when sam ples lack ed  th e  re q u ire d  8 pounds 
needed f o r  th e  hydrom eter t e s t .  S e v e ra l in v e s t ig a to r s  (U9; 66) have 
re p o r te d  t h a t  b o th  t e s t s  a re  com parable and ad eq u a te  f o r  s p e c i f i c  g ra v i ty  
d e te rm in a tio n s . C oncurren t re a d in g s  were ta k e n  on tu b e r  sh ap e , tu b e r  eye 
d e p th , and  tu b e r  ap p ea ran ce .
Second C lonal G en era tio n  Grown a t  Grand F o rk s , Worth D akota, 1963
On May 7 , 1963, n in e  hundred  and f i f ty - tw o  second c lo n a l  gener­
a t io n s  r e p re s e n tin g  th e  t e n  progeny l in e s  were p la n te d  a t  Grand F o rk s , 
N orth  D akota. A ll  cloneB p la n te d  were i d e n t i c a l  t o  th e  c lones grown 
a t  b a to n  Rouge, L o u is ia n a . P la n tin g  was made by th e  u se  o f  an  Iron-A ge 
a s s i s t e d  fe e d  p o ta to  p l a n t e r ,  w ith  200 pounds o f  16 -16-8  f e r t i l i z e r
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a p p lie d  in  a band form . Each c lone was re p re s e n te d  by an e i g h t - h i l l  
p lo t  w itn  each  tu b e r  p la n te d  1 fo o t  a p a r t  w ith in  th e  row and 3 f e e t  
betw een ro w s. The t e n  progeny l i n e j  were p la n te d  in  b lo ck s  w ith  a p p ro x i­
m ately  U f e e t  s e p a ra t in g  each c lo n e . P a re n ta l  v a r i e t i e s  were p la n te d  
a d ja c e n t to  c lo n a l  b lo c k s .
The p lo t  was sp ray ed  r e g u la r ly  w ith  fu n g ic id e s  and in s e c t ic id e s  
to  c o n tro l  d is e a s e s  and in s e c ts  d u rin g  th e  growing se a so n .
P la n t m a tu r ity  and v ig o r  re a d in g s  were re c o rd e d  on August 20 and 
21 , 1963. Vine grow th was e lim in a te d  by r o to - b e a t in g  on Septem ber 13*
The p lo t  was h a rv e s te d  by a s in g le - ro w , le v e l-b e d ,  t r a c to r - d r iv e n  
p o ta to  d ig g e r on September 13 and lU . Nine hundred and tw en ty  c lo n es 
su rv iv e d  t h i s  t e s t  and were h a rv e s te d . Data were re c o rd ed  on th o se  
c lo n es t h a t  su rv iv e d  th e  t e s t  when grown a t B aton Rouge, L o u is ia n a . 
Follow ing h a rv e s t ,  s p e c i f i c  g ra v ity  re a d in g s  were ta k e n  w ith  a p o ta to  
hydrom eter. A gain , th e  w eig h t in  w a te r and a i r  method was u sed  when th e  
8 pounds r e q u ire d  f o r  th e  hydrom eter were la c k in g . Readings were a ls o  
reco rd ed  f o r  tu b e r  shape , tu b e r  eye d ep th , and tu b e r  ap p ea ran ce .
C o lle c t io n  o f  Data
S p e c if ic  Q rav ity
S p e c if ic  g r a v i ty  d e te rm in a tio n s  were made by th e  p o ta to  hydrom­
e t e r  method (6 6 ) ,  w e ig h t i n  w a te r  and a i r  (U 9), and by th e  s a l t  b r in e  
method (U 9). A ll o f  th e s e  methods have been  c o n s id e re d  a c c u ra te  and 
r a p id  f o r  d e te rm in in g  th e  s p e c i f i c  g ra v i ty  o f  p o ta to e s  (U 9). The p o ta to  
hydrom eter method c o n s is te d  o f  w eighing  8 pounds o f  tu b e rs  from each  
sam ple. Weighed sam ples w ere th e n  p lac ed  in  a  w ire  b a sk e t t h a t  was
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suspended from a bu lb  a t ta c h e d  d i r e c t l y  t o  th e  hydrom eter. The sample •
and a p p a ra tu s  were p laced  in  a  c o n ta in e r  o f w a te r and th e  s p e c i f i c
g ra v i ty  was re a d  d i r e c t l y  from  th e  s c a le  on th e  hydrom eter tu b e .
The s a l t  b r in e  method c o n s is te d  of p re p a rin g  a s e r i e s  o f  NaCl
s o lu t io n s  o f  known d e n s i t i e s .  Tubers from  each  sam ple were mo-red from
th e  lo w -d e n s ity  s o lu t io n  th rough  th e  s e r i e s  o f  h ig h -d e n s ity  s o lu tio n s #
The s p e c i f ic  g ra v i ty  o f  a  g iven  p o ta to  sa irp le  was th a t  o f  th e  s o lu t io n
where th e  tu b e r s  rem ained suspended . D en sity  o f  a l l  tu b e rs  i n  each
sample was averaged  and re c o rd e d  a s  s p e c i f i c  g r a v i ty .
S p e c if ic  g ra v i ty  de te rm ined  from  w eight in  a i r  and  w a te r  was
d e riv e d  from th e  fo llo w in g  fo rm u la :
W eight i n  a i r ________-  S p e c if ic  g r a v i ty
(W eight -  (W eight 
in  a i r )  i n  w a te r)
P la n t  M a tu rity  and Vigor
P r io r  to  h a rv e s t ,  v in e  m a tu r ity  and p la n t  v ig o r re a d in g s  were 
reco rd ed  in d iv id u a l ly  on  a l l  second g e n e ra tio n  c lo n es grown i n  L ou is iana  
and North D akota. An average  n u m erica l r a t in g  was re c o rd e d  f o r  each 
c lone  by com paring th e  c lo n e s  w ith  c e r t a i n  s ta n d a rd  p a r e n ta l  v a r i e t i e s  
in c lu d e d  in  t h i s  s tu d y .
The fo llo w in g  r a t i n g  s c a le s  were used  f o r  v in e  m a tu r ity  and p la n t
*
v ig o r :
__________P la n t  m a tu r ity ________________  Vigor______________
R ating  Comparable R a tin g  Comparable
s c a le  M a tu rity  t o  s c a le  Vigor to
1 Very e a r ly  N orland 1 Very poor N orland
2 E a rly  C obbler 2 Poor E a r ly  Gem
3 Medium Viking 3 Medium Viking
k L a te  K atahdin  U Good W hite Rose
5 Very l a t e  5 E xtrem ely  Bounty
v igo rous
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Tuber S hape, Tuber Eye D epth , and  Tuber Appearance
D eterm ina tions o f tu b e r  sh a p e , tu b e r  eye d ep th , and tu b e r  a p p ea r­
ance were re c o rd ed  on th e  same sam ple o f  tu b e r s  used  f o r  s p e c i f i c  g r a v i ty  
r e a d in g s . Tuber shape was determ ined  on a l l  c lo n es  by an a r b i t r a r y  
r a t in g  s c a le  o f  1 t o  7- The extrem e v a r i a b i l i t y  e x is t in g  w i th in  a  sam ple 
made i t  n e c e ssa ry  to  e s t a b l i s h  seven  d i f f e r e n t  c l a s s i f i c a t i o n s .  Tubers 
t h a t  were round were g iv en  a num erica l r a t in g  o f  1; round-ob long—2; 
ob long -round—3 ; oblong—U; o b lo n g -lo n g —5 ; lo n g -o b lo n g —6; and long  
tu b e r s — 7• N um erical r a t i n g  fo r  each  c lone  was e s ta b l is h e d  by  a 
com posite sam ple w ith  th e  g r e a te s t  number o f tu b e r s  f a l l i n g  in to  a 
d e f i n i t e  c l a s s .
Tuber eye depth  was determ ined  by r a t i n g  s c a le  o f  1 to  5 . Tubers 
w ith  d eep ly  in c is e d  eyes were g iv en  a r a t i n g  o f  1; deep e y e s—2; medium 
eyes—3; sha llow  ey es—U; and very  shallow  e y e s , w hich were h ig h ly  su p e r­
f i c i a l ,  a  r a t i n g  o f  5 .
Tuber appearance was r a te d  on a  s c a le  o f  1 to  5 , w ith  5 b e in g  
h ig h ly  s u p e r io r  o r  d e s i r a b le .  O ther n u m erica l r a t in g s  were a s  fo llo w s i 
1—very  p o o r; 2—poor; 3 —av erag e ; and  U—good appearance* Clones 
having  a r a t i n g  o f  1 and 2 would have no p o s s i b i l i t i e s  as a  com m ercial 
v a r i e ty  w h ile  c lo n e s  hav ing  a r a t in g  o f  U o r 5 were c o n s id e re d  as 
p o t e n t i a l  v a r i e ty  m a te r ia l .  Tuber appearance  was based  on a coiqposite 
r a t i n g  th a t  in v o lv e d  a l l  th e  a sp e c ts  concerned  f o r  good h o r t i c u l t u r a l  
c h a r a c te r s •
W eather Data
At B aton Rouge, L o u is ia n a , and Grand F o rk s , North D akota, 
tem p era tu re s  were re c o rd ed  by a  s ta n d a rd  hygrotherm ograph and
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p r e c i p i t a t i o n  by a  s ta n d a rd  r a in  gauge. D a ily  a i r  te m p e ra tu re s  were 
reco rd ed  s h o r t ly  a f t e r  p la n t in g  and were con tinued  u n t i l  th e  p o ta to e s  
were h a rv e s te d . At Baton Rouge, ap p ro x im ate ly  1 in ch  o f  i r r i g a t i o n  
w a te r was a p p lie d  fo u r t im e s  d u rin g  th e  seaso n . No i r r i g a t i o n  f a c i l i t i e s  
were a v a i la b le  f o r  th e  p lo t  grown a t  Grand F o rk s , North D akota. Maximum 
and minimum tem p era tu re s  tak e n  every  week fo llow ing  p la n t in g  i n  1963 a re  
shown i n  F ig u re  1 .
S t a t i s t i c a l  A nalyses
C a lc u la tio n s
Mean, s ta n d a rd  d e v ia t io n ,  c o r r e la t io n  c o e f f i c i e n t ,  s ta n d a rd  e r r o r  
o f c o r r e l a t io n  c o e f f i c i e n t ,  and v a r ia n c e  components were computed w ith  
th e  IBM 1620 com puter. C o e f f ic ie n t  o f v a r i a b i l i t y ,  expected  mean sq u a re , 
e s t im a te  o f v a ria n c e  com ponents, h e r i t a b i l i t y ,  and ex p ec ted  g e n e tic  
s e l e c t io n  advance were computed by th e  use o f a  s ta n d a rd  c a lc u la to r .
H e r i t a b i l i ty ,  i n  th e  broad sense which c o n s id e rs  t o t a l  g e n e tic  
v a r i a b i l i t y  i n  r e l a t i o n  to  th e  pheno typ ic  v a r i a b i l i t y ,  was used to  
e s t im a te  h e r i t a b i l i t y .  V ariance was se p a ra te d  i n to  th re e  components— 
lo c a t io n ,  c lo n e s , and c lo n e s  by lo c a t io n .  P lo t  h e r i t a b i l i t y ,  i n  th e  
b road  se n se , was based on th e  models used by Hanson e t  a l .  (30) and 
M u llin s  (4 7 ) . C lo n al h e r i t a b i l i t y  used to  p r e d ic t  s e le c t io n  advance in  
th e  n ex t c lo n a l  g e n e ra tio n  was based  on th e  model by A lla rd  (3 )  and 
M u llin s  (47)*
T o ta l v a r ia n c e  f o r  s p e c i f ic  g r a v i ty ,  p la n t  m a tu r i ty ,  v ig o r ,  
tu b e r  eye d e p th , and tu b e r  appearance  were s e p a ra te d  in to  th r e e  so u rces
F ig u re s  1 th rough  10 a re  shown in  th e  Appendix.
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o f  v a r i a b i l i t y — lo c a t io n s ,  c lo n e s , and c lo n e s  by lo c a t io n .  E s tim a te s  
o f v a ria n ce  components were o b ta in e d  f o r  each  progeny l in e  and f o r  each 
c h a r a c te r .  C a lc u la tio n s  were made a s  fo llo w s :
Source E xpected
o f  v a r i a t io n  d . f « Mean square  mean sq u are
L o ca tio n (L - l ) Mi erg x L +
Clones (C -l) Mg x L +
Clones x  lo c a t io n (C -D (L - l) M3
erg x L
The e s tim a te d  v a r ia n c e  components f o r  c lo n e s  *
/lean sq u are  f o r  c lo n es  -  mean square  f o r  c lo n e s  x lo c a t io n
2
The e s tim a te d  v a rian ce  corrponents f o r  c lo n es  x lo c a t io n  * mean sq u are  
f o r  c lo n es x lo c a t io n .
C lonal h e r i t a b i l i t y  to  p r e d ic t  s e l e c t i o n  advance was computed by 
th e  fo rm ula  and model p re se n te d  by  A lla rd  (3 ) and M ullins (U7):
GS -  (K) x frA) x (H ).
GS * The ex p ec ted  g e n e t ic  advance under s e le c t io n ,
(K) ■ S e le c t io n  d i f f e r e n t i a l  e x p re sse d  in  u n i ts  o f s ta n d a rd  d e v ia t io n
assum ing norm al d i s t r i b u t i o n  o f  o b s e rv a t io n . A ccording to  A lla rd  
( 3 ) ,  i f  th e  h ig h e s t  1 0 .0  p e r c e n t o f c lo n e s  a re  saved K ta k e s  a 
v a lu e  o f  1 .7 6 .
(H) ■ C lonal h e r i t a b i l i t y
O '8
o-g * <rl x L
x 100 •  c lo n a l  h e r i t a b i l i t y
2
<7 i s  th e  e s tim a te d  v a rian ce  component fo r  c lo n e s .
^ g  X L i s  th e  e s tim a te d  v a ria n ce  component f o r  c lo n es  x lo c a t io n .
31
(CTA) ■ Pheno typ ic  s ta n d a rd  e r r o r
N 2
Hanson e t  a l .  (30) d is c u s se d  th e  use o f a fo rm ula  f o r  which i n t e r ­
a c t io n  components were n o t d iv id e d  by th e  number o f  lo c a t io n s ,  y e a r s ,  o r  
r e p l i c a t io n s  in v o lv e d . A ccording to  Hanson e t  a l .  (3 0 ) , t h i s  was more 
a p p ro p r ia te  when com paring h e r i t a b i l i t y  e s t im a te s  f o r  d i f f e r e n t  c h a ra c ­
t e r s  and from  d i f f e r e n t  ex p erim e n ts . T h is method was r e f e r r e d  to  as 
h e r i t a b i l i t y  o f s in g le  p lo ts  (3 0 j 36$ U7). The e s t im a te s  o f  v a rian ce  
components f o r  each  progeny l in e  and  f o r  each c h a ra c te r  were th e  same as 
th o se  c a l ib r a te d  f o r  c lo n a l  h e r i t a b i l i t y .  The fo llo w in g  fo rm ula  was used  
to  e s tim a te  h e r i t a b i l i t y  on a  s in g l e - p lo t  b a s i s  f o r  a l l  c h a ra c te r s  in  
t h i s  s tu d y :
erg
-x  5 x  100 ■ h e r i t a b i l i t y  on a  s in g l e - p lo t  b a s is
a fi +OC x L
i s  th e  e s tim a te d  v a rian ce  component f o r  c lo n e s .
^  x L i s  th e  e s t im a te d  v a ria n c e  component f o r  c lo n es  x lo c a t io n .
C o e f f ic ie n ts  o f  c o r r e la t io n  were o b ta in e d  f o r  a l l  c h a ra c te r s  b o th  
w ith in  and betw een lo c a t io n s .
EXPERIMENTAL RESULTS
T his s tu d y  was designed  to  d e te rm in e  th e  e f f e c t  o f  env ironm ent on 
s p e c i f i c  g r a v i ty ,  p la n t  m a tu r i ty ,  v ig o r , tu b e r  sh ap e , tu b e r  eye d e p th , 
and tu b e r  appearance when p o ta to  p ro g en ie s  were grown in  th e  South and 
in  th e  N orth . R e su lts  from  t h i s  s tu d y  re p re s e n t  d a ta  c o l le c te d  from th e  
fo llo w in g  so u rc e s : (a )  p o ta to  p ro g en ie s  grown as f i r s t  c lo n a l  g e n e r­
a t io n s  i n  N orth D akota; (b ) p o ta to  p ro g e n ie s  grown a s  second c lo n a l  
g e n e ra tio n s  in  b o th  L o u is ian a  and  N orth D akota. R e su lts  a r e  p re s e n te d  
in  th r e e  p a r t s :  (a )  c h a ra c te r  e x p re s s io n ; (b )  c o r r e l a t io n  and a s s o c i ­
a t io n ;  and (c )  h e r i t a b i l i t y .
C h a rac te r E x p ress io n
S p e c if ic  G ra v ity  o f  F i r s t - Year C lonal G enera tion  
Grown i n  N orth D akota, 1962
Table h shows th e  frequency  d i s t r i b u t i o n ,  mean, s ta n d a rd  d e v ia t io n ,  
and c o e f f i c i e n t  o f  v a r i a b i l i t y  f o r  s p e c i f i c  g r a v i ty  o f th e  t e n  progeny  
l in e s  grown a t  Grand F o rk s , N orth  D akota, i n  1962. The means o f  a l l  
p ro g en ie s  ranged  from 1.063 to  1 .07$ in d ic a t in g  th a t  some d i f f e r e n c e s  
e x is te d  betw een p ro g e n ie s . The s ta n d a rd  d e v ia t io n ,  which i s  th e  measure 
o f  v a r i a b i l i t y  w ith in  th e  progeny l i n e ,  ranged  from  U*$0 ( .0 0 1 )  to  6 .7 9  
( .0 0 1 )  u n i t s .  C o e f f ic ie n t  o f  v a r i a b i l i t y ,  which i s  th e  r a t i o  o f  s ta n d a rd  
d e v ia tio n  o f  th e  sam ple mean, ranged  from  7 .2  to  1 0 .1  p e r  c e n t .
A ccording to  LeC lerg e t  a l .  (L 2 ), c o e f f i c i e n t  o f  v a r i a b i l i t y  a f fo rd s  a 
r e l a t i v e  m easure o f d i s p e r s io n  so  t h a t  v a r i a t i o n  may be compared in  
f e a tu r e s  e x p re ssed  i n  d i f f e r e n t  u n i t s  o f m easurem ent.
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TABLE U. Frequency d istribution , mean, standard deviation, and coeffic ien t of variab ility  for sp ec ific
gravity of the ten progeny lin es grown in  North Dakota during 1962





























1 1U 16 19 22 22 8 7 3 3 2 116 1.066 6.U3 9.5
2 1 9 9 9 9 15 11 5 2 3 73 1.070 6.75 9.7
3 1 U . 8 17 21 23 16 19 u 7 120 1.072 6.55 9 .0
h 15 lU 20 6 5 U 1 65 1.063 U.50 7.2
6 l 2 1 2 2 2 2 0 1 0 13 1.068 6.87 10 .1
7 0 1 h 3 7 11 lil 10 5 11 66 1.075 6.79 9 .0
8 2 3 5 9 1° 9 9 9 3 3 62 1.071 6.50 9 .1
9 2 2 h 12 11 1U 20 h 5 3 77 1.072 6 .01 8.U
10 1 1 1 7 5 12 11 1U 9 7 68 1.075 6 .26 8 .3
11 1 0 3 5 10 7 8 9 6 1 50 1.073 6.02 8 .2
T o ta l 38 52 7U 92 102 105 99 73 38 37 710
Mean 1.075 6.27 8 .8
S p e c if ic  gravity coded by (.001). Standard deviation calculated on individual measurements.
w
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The d i f f e r e n c e s  found  w ith in  each fa m ily  in d ic a te d  g e n e t ic  s e g re ­
g a tio n  f o r  s p e c i f i c  g r a v i ty .  This g e n e tic  s e g re g a t io n  v a rie d  a  g re a t  
d e a l betw een fa m ily  l in e s  and showed t h a t  p a re n ts  were h ig h ly  h e te ro ­
zygous f o r  s p e c i f i c  g r a v i ty .
The progeny l in e s  in v o lv in g  two p a re n ts  o f  h ig h  s p e c i f ic  g r a v i ty ,  
P e d ig ree  No. 7 , Bounty x ND I*52l*-l6R, produced progeny o f  th e  h ig h e s t  
mean s p e c i f i c  g r a v i ty .  T his p a r t i c u l a r  progeny l in e  had 16.1* p e r  c en t 
o f  i t s  p o p u la tio n  hav ing  a s p e c i f i c  g ra v i ty  rea d in g  above 1 .062 and on ly  
12 .0  p e r  c en t o f  i t s  p o p u la tio n  below  1 .0 6 7 . The progeny l in e s  from  
P ed ig ree  Nos. 1 and I* in v o lv in g  K atahdin  x E a rly  Gem and K atahdin  x White 
Rose produced th e  lo w est progeny means. K atahdin  and W hite Rose are* 
co n s id e re d  medium s p e c i f i c  g r a v i ty  p a re n ts  w h ile  E arly  Gem i s  c o n s id e re d  
to  be v e ry  low . P e d ig ree  Nos. 1 and  1* had 6 1 .3  p e r  cen t and 81*.6 p e r  
c e n t ,  r e s p e c t iv e ly ,  o f t h e i r  t o t a l  progeny below 1 .0 6 7 .
P ed ig ree  Nos. 1 , 2 , 3 and 8 , which were c ro s se s  betw een low x 
medium, h ig h  x medium, and h ig h  x low, showed a h ig h  deg ree  o f  s e g re ­
g a tio n  f o r  s p e c i f i c  g r a v i ty .  Akeley and S tevenson  (2 ) r e p o r te d  s im i l a r  
r e s u l t s  when two v a r i e t i e s ,  one medium and th e  o th e r  low in  s p e c i f i c  
g r a v i ty ,  were c ro s se d .
The number o f  g e n e t ic  f a c to r s  in v o lv ed  was n o t d e te rm ined  in  t h i s  
s tu d y j however, ev id en ce  o f  m u ltip le  f a c to r s  was q u ite  e v id e n t w ith  
s e v e r a l  c ro s s e s  (T able U ). P ed ig ree  Nos. 7 , 8 , and 9 in v o lv in g  Bounty x 
ND l*52l*-l6ft (h igh  x h ig h ) ,  Bounty x  ND l*52l*-7R (h ig h  x lo w ), and Bounty 
x  Viking (h ig h  x  medium) showed ev id en ce  o f  m u lt ip le  g e n e t ic  e f f e c t  
(T ab le  U). S e v e ra l o th e r  c ro s s e s  e x p re ssed  s im i la r  r e s u l t s .
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S p e c if ic  G ra v ity  o f  Second C lonal G enera tions 
Grown in  L o u is ian a  and N orth D akota, 1963
T ables 5 and 6 show th e  freq u e n cy  d i s t r i b u t i o n ,  mean, s ta n d a rd  
d e v ia tio n  and c o e f f i c i e n t  o f  v a r i a b i l i t y  fo r  s p e c i f i c  g r a v i ty  o f  second 
c lo n a l  g e n e ra tio n s  grown i n  L o u is ia n a  and  N orth D akota, T his was a 
d u p l ic a te  o f  s im i la r  c lo n es  grown in  North Dakota in  1962.
P a re n t v a r i e t i e s  e x p re sse d  in h e re n t  d i f f e r e n c e s  i n  s p e c i f i c  
g ra v i ty  (T able 2 ) .  ND U52U-7R w ith  1.057 and I r i s h  C obbler w ith  1 ,079  
had th e  lo w est and h ig h e s t  s p e c i f ic  g r a v i t i e s  when grown in  L o u is ia n a .
S tan d ard  d e v ia t io n s  in  L o u is ia n a  showed a ran g e  o f  3 .1 1  to  5 .99  
( ,0 0 1 )  u n i ts  o f  s p e c i f i c  g r a v i ty  w h ile  c o e f f i c i e n t  o f  v a r i a b i l i t y  ranged  
from  $ .1  to  9 .6  p e r  c e n t f o r  a l l  progeny l i n e s  (T ab le  5 ) .  S tan d ard  
d e v ia t io n  and c o e f f i c i e n t  o f  v a r i a b i l i t y  in d ic a te d  t h a t  a r e l a t i v e l y  low 
degree  o f  v a r i a b i l i t y  i n  s p e c i f ic  g r a v i ty  o c c u rre d  w ith  progeny l i n e s .
The mean s p e c i f i c  g r a v i ty  re a d in g  betw een fa m ily  l in e s  ran g ed  from  1.058 
to  1 .0 6 2 , which a ls o  in d ic a te d  t h a t  a  low degree  o f  v a r i a b i l i t y  e x is te d  
betw een fa m ily  l i n e s  (T able  5 ) .
Even though v a r i a b i l i t y  be tw een  and among fam ily  l i n e s  was low , 
s e v e r a l  progeny l in e s  showed some d e g re e  o f  s e g re g a t io n  f o r  s p e c i f i c  
g r a v i ty .  R e su lts  were com parable to  progeny  from  th e  f i r s t  c lo n a l  
g e n e ra t io n  grown in  N orth Dakota i n  1962. S e g re g a tio n  f o r  s p e c i f i c  
g r a v i ty  was h ig h  when p a re n ts  o f  low x h ig h , h ig h  x medium, and  low x 
medium were u se d .
P ed ig ree  No. 7 in v o lv in g  Bounty x ND U52U-16R (h ig h  x  h ig h ) had
1 6 .6  p e r  c en t o f  i t s  t o t a l  progeny having a  s p e c i f i c  g r a v i ty  re a d in g  
o v e r 1 .0 6 8 . P ed ig ree  No. 11, which had two low s p e c i f i c  g r a v i ty  p a re n ts ,
TABLE 5. Frequency d istribution , mean, standard deviation, and coeffic ien t of variab ility  for sp ec ific
gravity o f the ten  progeny lin es grown in  Louisiana during 1963





1.050 1.053 1.056 1.0^9 1.062 1.065 1.066 1 .071 Above No. S td . c o e f. 
1 .052 1.055 1.058 1.061 1.06U 1.067 1.070 1.073 1.073 c lones .-lean dev .a  v a r .
1 h 2 1 3k L7 17 8 2 0 1 116 1.059 U.82 8 .1
2 1 2 0 12 26 10 10 7 5 0 73 1.062 5.23 8.U
3 1 0 0 27 35 26 16 10 k 1 120 1.062 U.36 7.0
k 2 2 1 22 26 8 k 0 0 0 65 1.059 3.66 6.2
6 1 0 0 3 7 1 1 13 1.059 3.73 6.3
7 u 0 0 9 21 11 10 9 l 1 66 1.062 5.99 9 .6
6 h 2 0 23 25 u 1 1 l 1 62 1.058 5.62 9 .6
9 2 0 0 18 28 10 10 6 2 1 77 1.061 L.85 7 .9
10 1 0 0 18 23 16 k h 1 1 68 1.061 L.68 7 .6
11 0 0 1 23 LU 7 5 50 1.061 3.11 5 .1
T o ta l 20 8 3 189 252 110 69 39 1k 6 710
Mean 1.060 U.60 7 .6
aSpecific gravity coded (.001). Standard deviation calculated on individual measurements.
TABLE 6 . Frequency d istribution , mean, standard deviation, and coeffic ien t of v a r ia b ility  for sp ec ific
gravity of the ten progeny lin es grown in  North Dakota during 1963

























c o e f . 
v a r .
1 5 2 7 10 18 21 18 12 10 13 116 1.085 7.78 9 .1
2 2 0 1 0 3 7 17 16 12 15 73 1.090 6 .21 6 .9
3 1 0 3 3 7 17 lk 20 2k 31 120 1.090 6.70 7 .k
U 5 1 2 3 10 16 12 7 5 k 65 1.08k 7.61 9 .0
6 1 0 0 3 1 2 1 5 13 1.091 7.6k 8 ,k
7 1 0 2 1 7 lk 10 8 13 10 66 1.088 6.67 7 .5
8 6 5 3 5 9 13 9 10 1 l 62 1.082 7.57 9.2
9 1 2 5 'k 6 20 12 11 8 8 77 1 .086 6.k6 7.5
10 3 1 3 12 7 lk U 8 8 1 68 1.08k 6.65 7 .9
11 1 2 k 8 10 8 8 5 k 0 50 1.082 5.99 7 .2
T o ta l 25 13 31 U6 77 133 112 99 86 88 710
Mean 1.086 6.90 8 .0
S p e c if ic  gravity coded (.001). Standard deviation calculated on individual measurements.
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N orland and C atoosa, d id  not produce any progeny th a t  averaged over
1 .063  in  s p e c i f ic  g r a v i ty .  This a g a in  showed th a t  a lth o u g h  environm ent 
d id  in f lu e n c e  s p e c i f ic  g r a v i ty ,  g e n e tic  in f lu e n c e  becomes im p o rtan t when 
p a re n ts  o f d i f f e r e n t  s p e c i f ic  g r a v i ty  were used .
Progeny means o f fam ily  l in e s  d i f f e r e d  by zero  to  seven  s p e c i f ic  
g r a v i ty  i n t e r v a l s  low er th a n  th e  means o f t h e i r  r e s p e c t iv e  m id -p a ren t 
v a lu e s . In  com parison to  th e  low amount o f v a r i a b i l i t y  betw een and 
w ith in  fa m ily  l i n e s ,  the v a r i a b i l i t y  betw een c e r t a in  progeny and p a re n ts  
m ight be co n sid e red  q u i te  g r e a t .  The g r e a te s t  mean d if f e r e n c e  betw een 
p a re n ts  and progeny was found w ith  Pedigree No. 3 , I r i s h  C obbler x  
K atahd in , w hich was seven s p e c i f ic  g r a v i ty  i n t e r v a l s  low er th a n  th e  mean 
o f t h e i r  p a re n ts  (T ab les  3 and 5 ) .
Table 6 g iv e s  the  frequency  d i s t r i b u t i o n ,  mean, s ta n d a rd  d e v ia t io n ,  
and c o e f f i c i e n t  o f  v a r i a b i l i t y  f o r  s p e c i f ic  g r a v i ty  o f  seco n d -y ear c lo n a l 
l i n e s  i n  North D akota. Progeny means ranged from 1 .032  to  1 .0 9 1 , s ta n d a rd  
d e v ia t io n  5 .9 9  to  7 .73  ( .0 0 1 )  u n i t s ,  and c o e f f i c i e n t  o f  v a r i a b i l i t y  6 .9  t o  
9 .2  p e r c e n t . S tandard  d e v ia tio n  and c o e f f ic ie n t  of v a r i a b i l i t y  fo r  
s p e c i f ic  g r a v i ty  were found to  be q u ite  s im i la r  to  p rev io u s  t e s t s .
Wide d i f f e r e n c e s  i n  s p e c i f ic  g r a v i ty  were found among p a re n ta l  
v a r i e t i e s  grown a t  Grand Forks (Table 2 ) .  ND 4524-16R and N orland w ith  
1 .098  and 1 .0 7 1 , r e s p e c t iv e ly ,  had th e  h ig h e s t  and lo w est s p e c i f ic  g r a v i ty .  
For second c lo n a l  g e n e ra tio n  grown in  North D akota, s e g re g a tio n  
f o r  s p e c i f ic  g r a v i ty  was e v id e n t f o r  most a l l  p ro g e n ie s , which a g a in  
in d ic a te d  a  h igh  degree o f h e te ro z y g o s ity  f o r  t h a t  c h a r a c te r .  There was 
a h ig h e r  deg ree  o f v a r i a b i l i t y  f o r  s p e c i f ic  g r a v i ty  w ith in  a l l  f a m i l ie s  
and a w ider d if f e re n c e  betw een progeny f a m il ie s  (T able 6 ) .  In  g e n e ra l ,
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env ironm en ta l c o n d itio n s  i n  N orth Dakota d u rin g  1963 were conducive to  
th e  p ro d u c tio n  o f h ig h  s p e c i f i c  g r a v i ty .
Progeny from  P ed ig ree  l in e s  2 , 3 and 7 , in v o lv in g  c ro s se s  o f  h ig h  
x h igh  and h ig h  x medium p a r e n ts ,  had th e  h ig h e s t  mean s p e c i f i c  g r a v i ty .  
S ix ty -tw o  and o n e -h a lf  p e r c e n t o f  th e  progeny from P ed ig ree  No. 3 , I r i s h  
C obbler x K atahdin  (h ig h  x medium), gave s p e c i f i c  g ra v i ty  re a d in g s  over 
I .O 89 . F i f t y - e ig h t  and e ig h t - te n th s  o f  th e  progeny in  P ed ig ree  No. 2 ,
La C hipper x K atahdin  (h ig h  x medium)* was over 1 .089  i n  s p e c i f i c  g r a v i ty ,  
w h ile  P ed ig ree  No. 7 , Bounty x ND U52U-16R (h ig h  x h ig h ) ,  and P ed ig ree  
No. 9 , Bounty x V iking (h ig h  x medium), produced U7.0 p e r  c e n t and 3 5 .1  
p e r  c e n t ,  r e s p e c t iv e ly ,  o f  t h e i r  t o t a l  progeny over I .O 89 i n  s p e c i f i c  
g r a v i ty .  G enetic  in f lu e n c e  was a g a in  e v id e n t w ith  P ed ig ree  No, 11,
C atoosa x N orland (low x lo w ), which produced th e  lo w e s t mean s p e c i f ic  
g r a v i ty .  Only 1 8 .0  p e r  cen t o f i t s  t o t a l  progeny averaged  over I .089  
p e r  c e n t i n  s p e c i f i c  g r a v i ty .
In  most c a s e s , th e  progeny mean o f th e  fam ily  l in e s  e q u a lle d  th e  
average  s p e c i f i c  g r a v i ty  o f  th e  two p a re n ts  in v o lv ed  in  th e  c r o s s .  The 
progeny mean o f  most fam ily  l in e s  d i f f e r e d  by zero  to  two in te r v a l s  
low er o r  h ig h e r  th a n  th e  mean o f  i t s  p a re n ts  (T able 3 ) .  P ed ig ree  Nos. 7 
and 11 d i f f e r e d  by s i x  and n ine  s p e c i f i c  g r a v i ty  i n t e r v a l s ,  r e s p e c t iv e ly ,  
from th e  means o f  t h e i r  c lo n a l  p a re n ts  (T ab les  3 and 6 ) .
P la n t  M a tu rity  o f  Second C lonal G en era tio n s 
Grown i n  L o u is ian a  and North D akota, 1963
T able 7 shows freq u en cy  d i s t r i b u t i o n ,  mean, s ta n d a rd  d e v ia t io n ,  
and c o e f f i c i e n t  o f v a r i a b i l i t y  f o r  p la n t  m a tu r ity  o f seco n d -y ear c lo n a l  
g e n e ra tio n s  grown i n  L o u is ian a  and N orth D akota. Mean m a tu r i ty  o f
TABLE 7. Frequency d istribution , mean, standard deviation, and co effic ien t of variab ility  for plant
maturity of the ten progeny lin es grown In Louisiana and North Dakota during 1963
Pedigree
number L ocation
D is tr ib u t io n  of 
clones in  m a tu rity  c la s s e s 3
1 '2  -■* u "  5'





c o e f. 
v a r.
1 L ouisiana 9 31 1*1 31 7 119 2.98 1.025 37.1*
North Dakota 7 20 30 38 21* 119 3 . till 1.151* 33.5
2 L ouisiana 8 27 27 11 0 73 2.56 .876 31*.1
North Dakota 8 13 21 30 1 73 3 .0U 1.039 3U.2
3 L ouisiana 19 52 30 18 1 120 2. Dl .951* 39.5
North Dakota 9 21 31 Uo 19 120 3.32 1.156 31*. 8
1* L ouisiana 5 25 21 11 3 65 2.72 .985 36.2
North Dakota 2 10 17 26 10 65 3.1*9 1.021* 29.3
6 L ou isiana 1 5 1* 3 0 13 2.69 .91*7 35.2
North Dakota 1 0 1* 5 3 13 3.69 1.109 30 .1
7 L ouisiana 6 26 19 12 5 68 2.7li 1.077 39.3
North Dakota 1* 18 25 16 5 68 3 .oo 1.015 33 .8
8 L ou isiana 3 28 18 11 7 67 2.77 1.053 38.0
North Dakota U 2l* 19 12 8 67 2 .90 1.117 38.5
9 L ouisiana Hi 28 17 17 11 87 2.80 1.165 1*1*.9
North Dakota 13 17 27 18 12 87 3 .00 1.171* 1*1.3
10 L ouisiana 29 20 11 11 1 72 2.09 1.131* 5U.2
N orth Dakota 13 31 15 12 1 72 2 .38 .91*0 39.1*
11 L ouisiana 25 19 7 3 1 55 1.68 .786 1*6.7
North Dakota 7 26 13 7 2 55 2.36 .911 38 .6









1 ■ very  e a r ly  m a tu rity
2 ■ e a r ly  m a tu rity
3 * medium m a tu rity  
1* ■ l a t e  m a tu rity
$ ■ very  l a t e  m a tu r ity .
Ul
p a re n ts  in v o lv e d  in  t h i s  s tu d y  a re  found in  T able 2 .
In h e re n t d if f e r e n c e s  i n  m a tu r ity  were found in  p a r e n ta l  v a r i e t i e s  
grown in  L o u is ian a  and North Dakota (T ab le  2 ) .  M a tu rity  c l a s s i f i c a t i o n  
among p a r e n ta l  v a r i e t i e s  was e v en ly  d i s t r ib u t e d .  The tw e lv e  p a re n ts  were 
e i t h e r  ve ry  e a r ly ,  e a r ly ,  medium, o r  l a t e  in  m a tu r i ty .  Wide d if f e r e n c e s  
in  p a r e n ta l  m a tu r ity  a llow ed  th e  p ro g en ie s  o f  th e  fo llo w in g  c ro s s e s  to  be
stu d ied *  very  e a r ly  x e a r ly ,  e a r ly  x  medium, e a r ly  x  l a t e ,  medium x
medium, and l a t e  x  l a t e .
In  L o u is ia n a , progeny means f o r  m a tu r ity  o f  th e  fa m ily  l in e s  
ranged  from 1 .68  to  2 .98  u n i t s ,  s ta n d a rd  d e v ia t io n  .786 to  1 .16$ u n i t s ,  
c o e f f i c i e n t  o f  v a r i a b i l i t y  3U.1 to  5U.2 p e r  c e n t .  This c o e f f i c i e n t  o f  
v a r i a b i l i t y  was much h ig h e r th a n  t h a t  f o r  s p e c i f i c  g r a v i ty .  The mean o f
a l l  te n  fa m ily  l in e s  s tu d ie d  had 1 6 .1  p e r c e n t o f  i t s  t o t a l  progeny in
th e  v e ry  e a r l y  m a tu r ity  c l a s s ,  3 5 .3  p e r  c en t i n  th e  e a r ly  c l a s s ,  26.1* 
p e r  c e n t i n  th e  medium c l a s s ,  17 .3  p e r  c e n t in  th e  l a t e  c l a s s ,  and 1*.9 
p e r  c en t i n  th e  very  l a t e  m a tu r i ty  c la s s  (F ig u re  2 ) .  This in d ic a te d  
th a t  p a re n ts  w ere h ig h ly  he te ro zy g o u s fo r  m a tu r ity  and th a t  s e g re g a t io n  
w ith in  f a m il ie s  was q u i te  h ig h . The r e l a t i v e l y  h igh  c o e f f i c i e n t  o f  
v a r i a b i l i t y  a ls o  in d ic a te d  th e  h ig h  degree o f  progeny v a r i a b i l i t y  w ith in  
a  fa m ily  l i n e  (T ab le  7 ) .
G enetic  in f lu e n c e  was e v id e n t when fa m ily  l in e s  in v o lv in g  p a re n ts  
o f  d i f f e r e n t  m a tu r ity  c l a s s i f i c a t i o n s  were c ro s se d  (F ig u re  7 ) .  Progeny 
from  P ed ig ree  No. 11, C atoosa x N orland ( e a r ly  x  very  e a r l y ) ,  had 7 9 .9  
p e r  c e n t o f  i t s  t o t a l  progeny in  very  e a r ly  t o  e a r ly  m a tu r i ty  c la s s e s .  
W ith P ed ig ree  No. 8 , Bounty x ND U$2l*-7R ( l a t e  x  l a t e ) ,  on ly  1*6.3 p e r  
c e n t o f  i t s  t o t a l  progeny f e l l  in to  a v e ry  e a r ly  o r  e a r ly  c l a s s .
U2
A lthough th e  h ig h e s t  p e rc en ta g e  o f  c lo n es from  a l l  f a m i l ie s  were i n  th e  
e a r ly  to  medium m a tu r ity  c l a s s ,  th e  l a t e  x  l a t e  p a re n ts  produced th e  
h ig h e s t  p e rc en ta g e  in  th e  l a t e  t o  very  l a t e  c l a s s e s .  In  most cases th e  
p ro g en ie s  from  th e  e a r ly  x  e a r ly  and e a r ly  x  medium c ro s se s  e q u a lle d  th e  
mean o f t h e i r  r e s p e c t iv e  p a r e n t s .  However, t h i s  was n o t t r u e  when l a t e  
x medium o r l a t e  x  l a t e  p a re n ts  w ere u se d .
In  N orth  D akota, th e  m a tu r ity  means f o r  th e  progeny l i n e s  were 
2 .3 6  to  3 .6 9  u n i t s  w ith  s ta n d a rd  d e v ia tio n s  o f  .911  to  1.17U and 
c o e f f ic ie n t s  o f  v a r i a b i l i t y  o f  2 9 .3  p e r  c e n t to  U l.3  p e r c e n t .  C o e ff i­
c ie n t  o f  v a r i a b i l i t y  was found to  be lower th a n  t h a t  in  L o u is ia n a ; how­
e v e r ,  i t  was s t i l l  c o n s id e re d  to  be s t a t i s t i c a l l y  h ig h  (T ab le  7 ) . 
Frequency d i s t r i b u t i o n  a g a in  showed a r e l a t i v e l y  w ide ra n g e ; how ever, 
com paring t h i s  t o  th e  L o u is ian a  t r i a l ,  more c lo n es  were i n  th e  l a t e  to  
very  l a t e  and le s s  in  th e  v e ry  e a r ly  to  e a r ly  c l a s s e s .  T his was due to  
th e  e f f e c t  o f  env ironm ent on m a tu r i ty .  F ig u re  2 shows th e  mean c lo n a l  
d i s t r i b u t i o n  o f  a l l  t e n  progeny l i n e s .  Nine and tw o -te n th s  p e r  c e n t o f 
th e  progeny were very  e a r l y ,  2U.3 p e r  cen t e a r ly ,  27 .3  p e r  c e n t  medium,
2 7 .6  p e r  c en t l a t e ,  and 11 .5  p e r  c en t were very  l a t e .
When c lo n e s  w ere grown i n  N orth D akota, gene e x p re ss io n  a ls o  
seemed q u i te  a p p a re n t (F ig u re  7 ) .  A lthough p a re n ts  were h ig h ly  h e te ro ­
zygous f o r .m a tu r i ty , gene in f lu e n c e  seemed t o  be s t ro n g e r  i n  th e  very  
e a r ly  and i n  th e  e a r ly  m a tu r i ty  c la s s  (T ab le  7 ) .  F o r exam ple, th e  
c ro sse s  in v o lv in g  N orland x TL 1859 and C atoosa x N orland had over 6 0 .0  
p e r  c e n t o f  t h e i r  p rogeny  re p re s e n te d  in  th e  e a r ly  c l a s s e s .  S e v e ra l 
c ro s se s  in v o lv in g  l a t e  x  l a t e  m atu rin g  p a re n ts  had more o f t h e i r  
p ro g en ies  r e p re s e n te d  i n  th e  e a r ly  c la s s  th a n  in  th e  l a t e  c l a s s .  K rantz
U3
(38) r e p o r te d  t h a t  m ost v a r i e t i e s  were h ig h ly  h e te ro zy g o u s f o r  m a tu r i ty  
and t h a t  m a tu r i ty  was c o n tr o l le d  by  mary g e n e s .
The p rogeny  means o f  fa m ily  l i n e s  te n d e d  to  e q u a l th e  means o f 
t h e i r  m id -p a re n t v a lu e s . The w id e s t d i f f e r e n c e  betw een  p rogeny  means 
and p a re n ts  was found when two l a t e  m atu ring  v a r i e t i e s  w ere u sed  a s  
p a re n ts  (T ab les  3 and 7 ) .  K ran tz  (38) and M uller (U 6), i n  s tu d y in g  th e  
in h e r i ta n c e  o f  m a tu r i ty ,  su g g e s te d  t h a t  m a tu r i ty  o f  F^ p ro g e n ie s  l i e s  
w ith in  thB m a tu r i ty  ran g e  o f  th e  two p a r e n ts .
V igor o f  C lonal G e n e ra tio n s  Grown i n  L o u is ia n a  
and N orth  D ako ta, 1963
T able  8 shows th e  f re q u e n c y  d i s t r i b u t i o n ,  mean, s ta n d a rd  d e v ia t io n ,  
and c o e f f i c i e n t  o f  v a r i a b i l i t y  f o r  v ig o r  o f  p rogeny  l i n e s  grown a t  
B aton  Rouge, L o u is ia n a , and  Grand F o rk s , N orth D ako ta.
At b o th  l o c a t i o n s ,  L o u is ia n a  and N orth  D ako ta, p a re n ts  e x p re s s e d  a 
ran g e  o f  v e ry  p o o r v ig o r  t o  ex trem e v ig o r .  A lthough  env ironm ent a f f e c te d  
v ig o r ,  h e r i t a b l e  d i f f e r e n c e s  w ere found  among p a re n ts  grown i n  L o u is ia n a  
and N orth  D ako ta .
I n  L o u is ia n a , p rogeny  means f o r  v ig o r  ranged  from  1.U8 to  3 .0 2  
u n i t s ,  s ta n d a rd  d e v ia t io n  .bUO to  1 .2 8 1  u n i t s ,  and c o e f f i c i e n t  o f  v a r i ­
a b i l i t y  2 8 .9  t o  6 0 .0  p e r  c e n t .  F ig u re  3 shows t h a t  2 1 .8 , o . U ,  3 7 .8 ,
1 3 .3 t and 1 .6  p e r  c e n t  o f  c lo n e s  from  a l l  t e n  progeny  l i n e s  were i n  1 
(v e ry  p o o r)  t o  $ (ex trem e) v ig o r  c l a s s e s ,  r e s p e c t iv e ly .
S e g re g a tio n  f o r  v ig o r  was e v id e n t  f o r  a l l  p rogeny  l i n e s .  G rosses 
in v o lv in g  N orland x  TL 1859 and C atoosa x N orland  p roduced  58 .2  p e r  c e n t 
and 5 2 .8  p e r  c e n t  o f  t h e i r  p rogeny  i n  th e  very  po o r v ig o r  c l a s s ,  
r e s p e c t iv e ly .  The in f lu e n c e  o f  N orland , w hich had po o r v ig o r  a t
TABI£ 8, Frequency d istribution , mean, standard deviation, and co effic ien t of variab ility  for vigor of
the ten  progeny lin es grown in  Louisiana and North Dakota during 1963
P ed ig ree
number L ocation 1
D is tr ib u t io n  o f 
c lones in  v igo r c la s s e s 4
2 3 L 5





c o e f . 
v a r .
1 L ouisiana 9 18 58 31 3 119 3.02 .895 29 .6
N orth Dakota 7 23 1*1* 27 18 119 3.22 1.091 31.3
2 L ou isiana U 21* 35 9 1 73 2.68 .771* 28.9
North Dakota 7 17 30 15 1* 73 2.90 1.022 35.2
3 L ouisiana 13 30. 61 15 1 120 2.67 .858 32 .1
North Dakota 10 8 32 37 33 120 2.63 1.190 32 .9
1* L ou isiana 8 23 27 7 0 65 2.50 .81*3 33.7
North Dakota 1 9 16 21* 15 65 3.66 1.027 28 .1
6 L ouisiana 6 1 5 0 1 13 2.15 1.281 60 .0
North Dakota 0 3 5 2 1 13 2.92 .951* 32 .7
7 L ouisiana 11 23 22 9 3 68 2.59 1 . 01*1* 1*0.3
North Dakota 5 6 23 15 19 68 3 .56 1.208 33 .9
8 L ou isiana 11 12 30 12 2 67 2.77 1.000 36 .1
North Dakota 2 7 18 21 19 67 3 .71 1.098 29.5
9 L ouisiana 29 18 26 12 2 87 2.39 1.120 1*6 .8
North Dakota 10 12 19 31* 12 87 3.22 1.220 37 .8
10 L ou isiana 38 21 10 3 0 72 1.69 .862 51 .0
North Dakota 8 17 33 10 U 72 2.82 .938 33.2
11 L ou is iana 32 18 5 0 0 55 1 . 1*8 .61*0 1*3.2
North Dakota 1 11 30 9 1* 55 3.00 .800 26.6








a l  ■ very  poor v ig o r
2 ■ poor v ig o r
3 * medium v ig o r 
1* •  vigorous
5 -  extrem e v ig o r .
Baton Rouge, L o u is ia n a , seemed t o  c o n tr ib u te  to  th e  poor v ig o r  o b ta in e d  
i n  th e  progeny* Bounty and White Rose seemed t o  have a  s tro n g  g e n e t ic  
in f lu e n c e  f o r  o b ta in in g  h ig h  v ig o r when c lo n e s  were grown a t  B aton Rouge, 
L ouisiana*  In  many c a s e s ,  th e  mean progeny w ith in  a  fam ily  l in e  exceeded 
th e  mean o f  th e  two p a r e n ta l  v a r i e t i e s  by o v e r 2 0 .0  p e r  c e n t (T ab les 3 
and 8 ) .
In  North D akota, th e  mean v ig o r  o f  th e  progeny l i n e s  ranged  from
2 ,63  to  3*71 u n i t s ,  s ta n d a rd  d e v ia t io n  *800 to  1 .220  u n i t s ,  and c o e f f i ­
c ie n t  o f v a r i a b i l i t y  26 .6  t o  3 7 .8  p e r  c e n t ,  4eans f o r  a l l  te n  progeny 
l i n e s  (F ig u re  3 ) o f  1 (v e ry  poo r) th ro u g h  5 (ex trem e) v ig o r  c l a s s i f i ­
c a tio n s  were as fo llo w s : 6 . 9 , 1 5 .6 , 3 3 .8 , 2 6 .3 , and  17.5  p e r  c e n t .
This in d ic a te d  t h a t  th e  c lo n e s  from  progeny l in e s  were more v igorous 
th a n  s im i la r  c lones grown in  L o u is ia n a . T able 8 shows th e  amount o f
s e g re g a t io n  th a t  o ccu rred  w ith in  fam ily  l i n e s .  As was th e  c a se  w ith
progeny grown i n  L o u is ia n a , N orland was found to  have th e  p o o re s t  
combining a b i l i t y  f o r  v ig o r ,  t f i i l e  White Rose and Bounty were found to  
have e x c e l le n t  com bining a b i l i t y  (T ab le  8 , F ig u re  8 ) .  S e v e ra l progeny 
means w ith in  a fam ily  l i n e  a ls o  exceeded th e  mean o f  tn e  two p a re n ts  
in v o lv ed  when grown i n  N orth D akota.
Tuber Shape o f  Second C lo nal G en era tio n s Grown 
in  L o u is ian a  and N orth D akota, 1963
Table 9 shows freq u en cy  d i s t r i b u t i o n ,  mean, s ta n d a rd  d e v ia t io n ,  
and c o e f f i c i e n t  o f  v a r i a b i l i t y  f o r  tu b e r  shape of se co n d -y e a r  c lo n a l  
g e n e ra tio n s  grown i n  L o u is ian a  and North D akota. P a ren t c l a s s i f i c a t i o n s  
f o r  tu b e r  shape a re  found i n  T able 2 . Tuber shape  was n o t determ ined
by a c tu a l  measurement b u t by s u b je c t iv e  r a t i n g  on a com posite  sam ple .
TABLE 9. Frequency d istribution , mean, standard deviation, and co e ffic ien t of variab ility  for tuber
shape of the ten  progeny lin es grown in  Louisiana and North Dakota during 1963
D is tr ib u t io n  o f %
P ed igree c lones in  tu b e r  shape c la s s e s a T o ta l S td . c o e f .
number L ocation 1 .2 3 I* 5 6 7 clones Mean dev. v a r .
1 L ouisiana 15 1 1 63 3 1 32 116 i*.l*8 1.895 1*2.3
North Dakota S 1 9 60 12 1* 25 116 l*.6o 1.51*0 33.5
2 L ouisiana 38 1 1 31 0 0 2 73 2.1*7 1.639 66. 1*
North Dakota 38 6 1* 25 0 0 0 73 2 .21 1.377 62.3
3 L ouisiana 61 0 1 51 0 0 7 120 2.61* 1.806 68. 1*
North Dakota 28 5 5 73 7 0 2 120 3.28 1.105 1*3.1
h L ouisiana 8 0 0 22 0 0 35 (6 5.21* 2.100 1*0 .1
North Dakota 2 0 0 32 11 0 20 65 5 .00 1 . 1*88 29 .8
6 L ou isiana 6 0 0 7 0 0 0 13 2.62 1.557 59.1*
i North Dakota 5 0 1 7 0 0 0 13 2.77 1 . 1*80 53.1*
7 L ou isiana 1*1* 0 0 22 0 0 2 68 2.18 1.610 75.3
North Dakota 16 1 5 1*5 1 0 0 68 3.17 1.290. 1*0 .6
8 L ouisiana 36 0 0 23 2 0 2 63 2.38 1.710 71.8
North Dakota 25 2 5 30 1 0 0 63 2.66 1.1*30 53.7
9 L ouisiana 15 0 l 53 0 0 8 77 3 .71 1.618 1*3.6
N orth Dakota 17 2 1* 1*7 3 2 2 77 3 . 1*0 1 . 1*70 1*3 .2
10 L ouisiana 33 1 0 28 1 0 5 68 2.75 1.881 68 . 1*
N orth Dakota 8 0 2 52 2 0 I* 68 3.82 1.271 33.2
11 L ou isiana 18 0 0 28 0 0 1* 50 3 .16 1 . 801* 57 .0
North Dakota 3 2 5 25 6 2 7 50 U.26 1.507 35.3
Mean L ouisiana 3.16 1.765 59.3
North Dakota 3.52 1.1*27 1*2.8
a l  * round
2 ■ round-oblong




7 ■ lo n g .
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P a re n ta l  v a r i e t i e s  used in  t h i s  s tu d y  ranged from  round tu b e r  
ty p e s  l ik e  th e  La Chippe? and I r i s h  C obbler v a r i e t i e s  to  long  tu b e r  
type  l ik e  th e  v a r i e ty  White Rose. Some d i f f e r e n c e s  i n  tu b e r  shape were 
found when p a re n ts  were grown in  L o u is ian a  and N orth Dakota b u t ,  f o r  
th e  most p a r t ,  a  v a r i e ty  t h a t  was round o r  long  a t  one lo c a t io n  was 
s im i la r  a t  th e  o th e r  lo c a t io n .  The g r e a t e s t  d i f f i c u l t y  o ccu rred  when 
d e te rm in ing  w hether a  p a re n t was oblong o r  ob long-round  o r round -ob long , 
T his was a ls o  t r u e  f o r  c la s s i f y in g  i t s  p ro g e n ie s .
When seco n d -y ear c lo n a l  g e n e ra tio n  f a m il ie s  were grown in  
L o u is ia n a , means o f  progeny l in e s  ranged from 2 . IS  to  5*24 u n i t s .  When 
s im ila r  c lo n e s  were grown i n  N orth D akota, th e  range o f means w ith in  
fam ily  l i n e s  were 2 .2 1  to  5#00 u n i t s .  The same progeny l i n e  a t  both  
lo c a t io n s  produced th e  maximum nu m erica l r a t i n g  needed i n  e s ta b l is h in g  
t h i s  ran g e . S tan d ard  d e v ia tio n s  were l ik e w ise  q u i te  s im i la r  a t  b o th  
lo c a t io n s  ran g in g  from 1 .557  to  2 .100  u n i ts  i n  L o u is ian a  to  1 .271  to  
1 .540 u n i t s  i n  N orth D akota.
C o e f f ic ie n t  o f  v a r i a b i l i t y  was h igh  a t  b o th  lo c a t io n s ,  ran g in g  
from 4 0 .1  to  75 .3  p e r  cen t i n  L o u is ian a  to  2 9 .8  to  62 .3  p e r c e n t i n  
North D akota. T his r e l a t i v e  m easure o f  v a r i a b i l i t y  e x p re ssed  i n  per 
c e n t in d ic a te d  t h a t  u n d e s ira b le  environm ent v a r i a t i o n  was m an ife s te d  by 
th e  in d iv id u a l  p ro g en ie s  w ith in  a fam ily  l i n e .  I n  a d d it io n  to  e n v iro n ­
m ent, th e  s u b je c t iv e  method f o r  d e te rm in in g  tu b e r  shape undoub ted ly  
c o n tr ib u te d  to  th e  amount of v a r i a b i l i t y .  T h is amount o f  v a r i a b i l i t y  
in  c lo n a l  m a te r ia l  su g g e s ts  a  much improved e x p e rim e n ta l d e s ig n  and 
r a t in g  s c a le  would be n e c e ssa ry  i f  s i g n i f i c a n t  d i f f e r e n c e s  i n  progeny 
v a r i a b i l i t i e s  a re  to  be d e te c te d .
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Tuber Eye Depth o f  Second C lonal G enera tions 
Grown i n  L o u is ian a  and North D akota, 1963
Table 10 shows th e  frequency  d i s t r i b u t i o n ,  mean, s ta n d a rd  d e v i­
a t i o n ,  and c o e f f i c i e n t  o f  v a r i a b i l i t y  fo r  eye dep th  o f  c lo n e s  grown in  
L o u is ian a  and  North D akota. P a re n ta l  r a t i n g s  a re  found in  Table 2 .
P a re n ta l  v a r i e t i e s  grown a t  bo th  lo c a t io n s  e x p re sse d  a range  o f 
deep to  sha llow  e y e s . P a re n ts  used  in  t h i s  s tu d y  a ffo rd e d  a l l  combi­
n a tio n s  ex cep t deep x deep an d  very  shallow  x v e ry  sh a llo w . E nviron­
m ental c o n d itio n s  caused  th e  eyes o f  p a re n ts  grown i n  N orth Dakota to  be 
s l i g h t l y  d eeper th a n  s im i la r  v a r i e t i e s  grown i n  L ou is iana  (T able  2 ) .  
M il le r  and M cGoldrick (US) re p o r te d  t h a t  p o ta to  v a r i e t i e s  grown under 
long  days had deeper eyes th a n  tn e  same v a r i e t i e s  grown under s h o r t  days. 
N orth  Dakota growing seasons have an  a d d i t io n a l  2-U hours more d a y lig h t  
p e r  day th an  th e  sp r in g  seaso n  i n  L o u is ia n a .
In  L o u is ia n a , th e  progeny mean f o r  eye dep th  ranged from 3*15 to  
3 .92  u n i t s ,  s ta n d a rd  d e v ia tio n  from  .278  to  .891  u n i t s ,  and c o e f f ic ie n t  
o f  v a r i a b i l i t y  7 .0  t o  28 .2  p e r  c e n t (T able  1 0 ) . In  N orth D akota, th e  
progeny mean ranged  from  2.U0 to  3 .2 8  u n i t s ,  s ta n d a rd  d e v ia t io n  .U9U to  
.863  u n i t s ,  and c o e f f i c i e n t  o f  v a r i a b i l i t y  16 .9  to  3U.7 p e r  c e n t .  The 
wide range  i n  c o e f f i c i e n t  o f  v a r i a b i l i t y  in d ic a te d  t h a t  th e  deg ree  o f  
v a r i a b i l i t y  w ith in  fa m ily  l i n e s  was e i t h e r  q u i te  sm a ll o r  r e l a t i v e l y  
la rg e  depending on th e  p a re n ts  u sed  in  c e r t a i n  c ro s s e s .  A h ig h  c o e f f i ­
c ie n t  o f  v a r i a b i l i t y  was found when E arly  Gem, La C hipper, and  I r i s h  
G obbler were used a s  p a re n ts .
In  N orth D akota, th e  c o e f f i c i e n t  o f  v a r i a b i l i t y  from  th e se  
c ro s se s  ran g ed  from  16 .9  to  3U.7 p e r  c e n t .  These p a r e n ta l  reco m b in a tio n s
TABLE 10. Frequency distribution, mean, standard deviation, and coeffic ien t of var ia b ility  for tuber
eye depth of the ten  progeny lin es  grown in  Louisiana and North Dakota during 1963
Pedigree
number L ocation
D is tr ib u t io n  o f 
c lones in  eye depth c la sse s '
1 2  3 k
a
5





c o e f . 
v a r.
1 L ouisiana 0 10 21 79 6 116 3.69 .697 18.8
N orth Dakota L 21 52 38 1 116 3.09 .81$ 26.3
2 L ouisiana 1 U 25 39 L 73 3.55 .759 21.3
North Dakota 6 2U 36 6 1 73 2.61 .805 30.8
3 L ouisiana 7 18 L6 L8 1 120 3.15 .891 28.2
North Dakota 1U 55 Lo 11 0 120 2.L0 .810 33.7
L L ouisiana 1 3 15 LL 2 65 3.66 .686 18.7
North Dakota 6 11 33 1L 1 65 2.L8 .863 3L.7
6 L ouisiana 0 0 2 11 0 13 3.92 .278 7.0
North Dakota 0 2 9 2 0 13 2.92 .L9L 16.9
7 L ou isiana 0 6 31 31 0 68 3.36 .6L3 19.1
North Dakota 0 6 LI 21 0 68 3.19 .583 18.2
8 L ou isiana 0 9 23 31 0 63 3.37 .701 20.8
North Dakota 0 9 L5 9 0 63 3.00 .539 17.9
9 L ouisiana 0 5 23 L7 2 77 3.58 .652 18.2
North Dakota 0 10 L2 25 0 77 3.19 .6L5 20.2
10 L ouisiana 0 7 28 33 0 68 3.38 .665 19.6
North Dakota 0 17 39 12 0 68 2.93 .6L9 22.1
11 L ou isiana 1 6 2L 19 0 50 3.22 .729 22.6
North Dakota 2 5 20 23 0 5o 3.28 .801 2L.L








1 ■ very  deep
2 ■ deep
3 ■ medium 
k ■ shallow
5 ■ very  sh a llo w .
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in v o lv e d  p a re n ts  o f wide d if f e r e n c e s  i n  eye d ep th  and r e s u l te d  i n  a 
h ig h e r  degree o f h e te ro z y g o s ity  w ith in  progeny l i n e s ,  When progeny from 
c ro s s e s  in v o lv in g  p a re n ts  o f e i t h e r  medium o r sh a llo w  eyes were s tu d ie d ,  
such as Bounty c ro sse d  w ith  ND 4524^l6R, ND 4524-7R, o r  V ik ing , a  
r e l a t i v e l y  low and s im ila r  c o e f f i c i e n t  o f v a r i a b i l i t y  e x is te d  a t  bo th  
lo c a t io n s .
Progeny means in v o lv in g  a l l  t e n  c lo n a l  l in e s  grown i n  L o u is ian a  
averaged  from 1 (deep  eyed) th rough  5 (very  sh a llo w  eyed) a s  fo llo w s : 
1 .4 ,  9 .5 ,  3 3 .3 , 5 3 .6 , and 2 ,1  per c e n t (F ig u re  4 ) .  S im ila r  c lo n e s  grown 
i n  N orth Dakota averaged  from 1 (deep eyed) th ro u g h  5 (v e ry  sh a llo w  
eyed) a s  fo llo w s : 4 .5 ,  2 2 .4 , 5 0 .0 , 2 2 .6 , and .4  p e r  c e n t (F ig u re  4 ) .
T his in d ic a te d  th a t  progeny l in e s  grown i n  N orth Dakota produced c lo n e s  
w hich had d eep e r e y e s .
When comparing the  v a lu e  o f p a re n ta l  v a r i e t i e s ,  I r i s h  C obbler 
produced th e  l a r g e s t  p o p u la tio n  w ith  v e ry  deep to  deep e y e s . T his was 
q u i te  e v id e n t when com parisons were made betw een th e  progeny means of 
K atahdin  c ro sse d  w ith  E a r ly  G e m , La C h ip p er, I r i s h  C o b b ler, and White 
R ose. Gene in f lu e n c e  f o r  deep eyes was a ls o  no ted  f o r  the  p a re n ta l  
v a r i e ty  La C hipper (T able 10 and F ig u re  9 ) .
Tuber Appearance o f F i r s t -Y e a r  C lonal G en era tio n  
Grown i n  North D akota. 1962
D ata on tu b e r  appearance were re c o rd ed  on a l l  c lo n a l  l in e s  saved 
f o r  t h i s  s tu d y , A com posite r a t in g  was used  in v o lv in g  s e v e ra l  a s p e c ts  
o f  tu b e r  ap p ea ran ce . Good to  e x c e l le n t  c lo n e s  had tu b e rs  o f  uniform  
s iz e  and sh ap e , f r e e  o f  grow th c ra c k s , h e a t s p ro u ts ,  and second grow th . 
Average c lo n es  p o ssessed  n e i th e r  marked d e fe c ts  no r s t r ik in g  a t t r i b u t e s .
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Poor and very  poor c lo n es  p o ssesse d  d e f in i t e  u n d e s ira b le  t r a i t s  in  
vary ing  d e g re e s .
Table 11 g iv es  th e  freq u en cy  d i s t r i b u t i o n ,  mean, s ta n d a rd  d e v i­
a t io n ,  and c o e f f i c i e n t  o f  v a r i a b i l i t y  fo r  tu b e r  appearance o f  f i r s t - y e a r  
c lo n a l  g e n e ra tio n  grown in  N orth D akota. iMeans o f  progeny l in e s  ranged  
from  2.97 t o  3.3U u n i t s ,  s ta n d a rd  d e v ia tio n  from .U39 to  .900 u n i t s ,  and 
c o e f f i c i e n t  o f  v a r i a b i l i t y  1 3 .5  to  2 8 .0  p e r c e n t .  A lthough c o e f f ic ie n t  
o f  v a r i a b i l i t y  was h ig h er th a n  t h a t  f o r  s p e c i f ic  g r a v i ty  i n  N orth Dakota 
in  1962, i t  s t i l l  was c o n s id e re d  co m p ara tiv e ly  low .
In  t h i s  t e s t  l i t t l e  d i f f e r e n c e s  were found betw een th e  means o f  
th e  progeny l in e s  (T ab le  1 1 ) . The m a jo r ity  o f  a l l  c lo n es  were r a t e d  as 
medium o r  good in  ap p ea ra n c e . C rosses w ith  th e  v a r ie ty  N orland showed 
th e  h ig h e s t  amount o f  s e g re g a t io n  f o r  tu b e r  ap p ea ran ce . T h is was su b ­
s t a n t i a t e d  by  th e  c o m p a ra tiv e ly  h ig h  s ta n d a rd  d e v ia tio n  o c c u rr in g  i n  
P e d ig re e  Nos. 10 and 11 which had N orland as one o f  t n e i r  p a re n ts  
(T able  1 1 ) .
Tuber Appearance o f  Second C lonal G en era tio n  
Grown i n  L o u is ian a  and N orth D akota . 19&3
Table 12 shows th e  freq u en cy  d i s t r i b u t i o n ,  mean, s ta n d a rd  d e v i­
a t i o n ,  and c o e f f i c i e n t  o f  v a r i a b i l i t y  f o r  tu b e r  appearance  o f  second  
c lo n a l  g e n e ra tio n s  grown in  L o u is ian a  and N orth  D akota. D ata concern ing  
p a r e n ta l  r a t in g s  a re  found in  Table 2 .  Tuber appearance  was r a te d  i n  a 
s im i la r  manner as t h a t  o f  th e  f i r s t  c lo n a l  g e n e ra tio n  grown i n  North 
Dakota in  1962.
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TABI£ 11. Frequency d i s t r i b u t i o n ,  mean, s ta n d a rd  d e v ia t io n ,  and 
c o e f f i c i e n t  o f  v a r i a b i l i t y  f o r  tu b e r  appearance  o f th e  
t e n  progeny l in e s  grown in  North Dakota d u rin g  1962
P ed ig ree
number
D is t r ib u t io n  < 
i n  appearance 
1 2 5
o f c lo n es  
c la s s e a a
' I f  T





c o e f .
v a r .
1 2 16 6U 32 2 116 3.13 .737 23 .5
2 0 1 55 17 1 7k 3.23 .U83 H i.9
3 0 5 73 39 3 120 3.33 .596 17 .8
k 1 10 38 16 0 65 3 .0 6 .676 2 2 .0
6 0 0 10 3 0 13 3 .23 .U39 13.5
7 0 10 U6 12 0 68 3.0U .562 1 8 .U
6 0 7 30 25 2 6k 3.3U .717 2 1 .ii
9 1 1U U8 1U 0 77 2.97 .6UU 21 .6
10 2 Hi 22 28 2 68 3 .2 1 .900 28 .0
11 0 17 18 Hi 1 50 2 .9 8 .826 2 8 .0
Mean 3 .1 5 .658 2 0 .9
a l  ■ very  poor appearance
2 ■ poor appearance
3 “ medium appearance 
h * good appearance
5 ■ e x c e l le n t  ap p earan ce .
TABLE 12, Frequency distribution, mean, standard deviation, and coeffic ien t of variab ility  for tuber
appearance of the ten progeny lin es grown in Louisiana and North Dakota in  1963
D is tr ib u tio n  o f %
Pedigree clones in  appearance c la sse s T o ta l S td . co e f.
number L ocation 1 2 3 li 5 clones Mean dev. var.
1 L ouisiana 1U 31 Ul 27 3 116 2.79 1.021 36.6
North Dakota 7 36 h9 23 1 116 2.81 .879 31.2
2 L ouisiana h 7 38 2h 1 7k 3.17 .783 2U.6
North Dakota 1 11 U2 19 1 Ik 3.10 .713 23 .0
3 L ouisiana 6 17 59 36 2 120 3.09 .837 27.0
North Dakota 8 15 55 a 1 120 3.10 .870 28.0
k L ouisiana 10 16 3h 5 0 65 2.52 .8U3 3 3 .U
North Dakota 19 25 19 2 0 65 2.06 .839 U0.7
6 L ouisiana 0 3 8 2 0 13 3.08 . 6a 20.8
North Dakota 0 0 12 1 0 13 2.92 .277 21.9
7 Louisiana 2 7 Ul 18 0 68 3.10 .699 22.5
North Dakota 2 ii 25 36 1 68 3.kh .761 22.1
8 L ouisiana 5 6 32 20 1 6U 3.13 .851 27.1
North Dakota 1 6 21 33 3 6U 3.50 .777 22.2
9 L ouisiana 2 10 36 27 1 77 3.19 .77U 2U.2
North Dakota 0 2 35 36 h 77 3.5U .635 17.9
10 L ouisiana 5 8 U7 8 0 68 2.85 .713 25.0
North Dakota 6 16 37 9 0 68 2.72 .802 2 9 .U
11 L ouisiana 3 8 32 6 1 50 2.88 .765 26.5
North Dakota 3 1U 15 17 1 50 2.98 .969 32.5
Mean L ouisiana 2.98 .793 26.8
North Dakota 3.02 .752 26 .9
a l  ■ very  poor appearance
2 “ poor appearance
3 * medium appearance 
U -  good appearance
5 "  e x c e lle n t  appearance.
5U
For th e  most p a r t ,  p a re n ts  u sed  i n  t h i s  s tu d y  were w e l l  e s ta b l is h e d  
v a r i e t i e s  and  had p re v io u s ly  e x h ib i te d  good tu b e r  type  in  e i t h e r  L o u is ian a  
o r  N orth Dakota, In  North D akota, th e  v a r i e t i e s  C atoosa, I r i s h  C obbler, 
W hite Rose, and TL 1859 were found  to  be th e  p o o re s t in  tu b e r  ap p ea ran ce . 
In  L o u is ia n a , l i t t l e  d if f e re n c e s  were n o ted  among p a re n ta l  v a r i e t i e s .  
P a re n ta l  v a r i e t i e s  were a v a i la b le  to  compare p ro g en ie s  from  a l l  c ro s s e s  
ex ce p t poor x poor and e x c e l le n t  x  e x c e l le n t  ap p ea ran ce .
The progeny means f o r  tu b e r  appearance  in  L o u is ian a  ranged  from  
2 ,52  t o  3 .1 9  u n i t s ,  s ta n d a rd  d e v ia t io n  , 6Ul to  1 ,021  u n i t s ,  and c o e f f i ­
c ie n t  o f  v a r i a b i l i t y  2 0 .8  to  3 6 .6  p e r c e n t .  In  N orth D akota, progeny 
means f o r  tu b e r  appearance  ranged  from  2 .0 6  to  3 . 5U u n i t s ,  s ta n d a rd  
d e v ia tio n  ,277 to  .969  u n i t s ,  and c o e f f i c i e n t  o f  v a r i a b i l i t y  1 7 .9  to  U0.7  
p e r  c e n t .  When a l l  te n  f a m il ie s  grown a t  b o th  lo c a t io n s  were com pared, 
th e re  was l i t t l e  d if f e r e n c e  i n  th e  av erag e  o f  progeny means, s ta n d a rd  
d e v ia t io n s ,  and c o e f f i c i e n t s  o f  v a r i a b i l i t y  (T able  1 2 ) . The e f f e c t  o f  
lo c a t io n  on tu b e r  appearance  o f  a l l  te n  progeny l in e s  grown i n  L o u is ian a  
and North Dakota d u rin g  1963 a re  shown in  F igu re  5 .  In  some c a s e s , a 
c lone  hav ing  a  good appearance  a t  one lo c a t io n  would l ik e w ise  have a  
good appearance  a t  th e  o th e r  l o c a t io n .  However, t h i s  was no t th e  r u l e .  
E nvironm ent, i n  a d d it io n  to  g e n e t ic s ,  a ls o  in f lu e n c e d  c lo n a l  ap p ea ran ce . 
H e r i t a b i l i t y  s tu d ie s  f u r t h e r  s u b s ta n t ia te d  t h i s  o b se rv a tio n  and w i l l  be 
d isc u sse d  under h e r i t a b i l i t y .
C e r ta in  p a r e n ta l  reco m b in a tio n s were more u s e f u l  in  b re e d in g  fo r  
good tu b e r  a p p ea ran ce . Table 12 shows th a t  th e  p a r e n ta l  reco m b in a tio n s 
found in  P ed ig ree  Nos. 1 and U produced progeny w ith  th e  p o o re s t  a p p ea r­
ance a t  b o th  lo c a t io n s .  T his w ould in d ic a te  th a t  th e  v a r i e t i e s  E a r ly  Gem
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and W hite Rose had po o r com bining a b i l i t y  f o r  tu b e r  a p p e a ra n c e . Con­
v e r s e ly ,  th e  v a r i e ty  Bounty p o sse sse d  good com bining a b i l i t y  when u sed  
as a  p a r e n t .
C o r r e la t io n  C o e f f ic ie n ts
C o r re la t io n  C o e f f ic ie n t  and A s s o c ia t io n  o f  P ro g en ies  
Grown i n  N orth  D akota, 1962-1963, and L o u is ia n a , 1963
C o r re la t io n  c o e f f i c i e n t s  f o r  s p e c i f i c  g r a v i ty  o f  f i r s t  c lo n a l  
g e n e ra tio n s  grown i n  N orth  D akota i n  1962 and second  c lo n a l  g e n e ra t io n s  
grown i n  L o u is ia n a  and  N orth Dakota i n  1963 e q u a l le d  +.U08U and + .3392 , 
r e s p e c t iv e ly  (T ab le  1 3 ) . C o r r e la t io n  o f  s p e c i f i c  g r a v i ty  betw een  second  
c lo n a l  g e n e ra tio n s  grown in  L o u is ia n a  an d  N orth  Dakota i n  1963 e q u a lle d  
+.3U51 (T ab le  1 3 ) . The p o o led  c o r r e l a t i o n  c o e f f i c i e n t  would be s i g n i f i ­
c a n t  f o r  a l l  g e n e ra t io n s  a n d  a l l  l o c a t io n s j  how ever, th e  c o r r e l a t i o n  
c o e f f i c i e n t  o f  c e r t a i n  p rogeny  grown in  L o u is ia n a  and N orth  D akota in  
1963 was n o t s t a t i s t i c a l l y  s i g n i f i c a n t .  The a f f e c t  o f  env ironm en t seemed 
to  be g r e a t e s t  i n  t h i s  p a r t i c u l a r  t e s t .  A ccord ing  t o  S tevenson  e t  a l .  
( 7 0 ) ,  th e r e  a re  g e n e t ic  d i f f e r e n c e s  among v a r i e t i e s  a n d  s e e d l in g s  i n  
t h e i r  a b i l i t y  to  produce a  h ig h  s p e c i f i c  g r a v i ty ,  b u t d i f f e r e n c e s  due to  
env ironm ent a re  o f te n  g r e a t e r  th a n  th e  g e n e t ic  o r  v a r i e t a l  d i f f e r e n c e s .  
D if fe re n c e s  w ere e v id e n t  betw een progeny l i n e s  grown i n  L o u is ia n a  
and N orth Dakota when d i f f e r e n t  p a re n ts  w ere s tu d ie d  (T ab le  1L ). S e v e ra l 
f a m i l i e s  showed a  h ig h ly  s i g n i f i c a n t  c o r r e l a t io n  c o e f f i c i e n t ,  w h ile  
o th e r s  showed l i t t l e  o r  no c o r r e l a t i o n .  C rosses in v o lv in g  W hite Rose and 
ND U52U-7R, two r e l a t i v e l y  low s p e c i f i c  g r a v i ty  p a r e n t s ,  showed th e  
p o o re s t  c o r r e l a t i o n .  The h ig h  c o r r e l a t io n  e x i s t i n g  betw een c e r t a i n  l in e s
TABI£ 13* Pooled correlation coeffic ien t and standard error of correlation coeffic ien t of s ix  characters
from ten progeny lin es  grown in  Louisiana and North Dakota during 1962 and 1963
C o rre la tio n  c o e f f ic ie n t
L ouisiana -  North Dakota L ouisiana  -  North Dakota North Dakota - N orth Dakota
C haracter 1963 1963 1963 1962 1963 1962
S p e c if ic  g ra v ity +.3li5l** 1 .0331 +.U08U** + .0313 +.3392** + .0332
P la n t m a tu r ity +.1*098** + .028U
Vigor + .a m * *  ♦ .036U
Tuber shape + .i937** + .0283 +.11387** + .0303 +.U965** + .0283
Tuber eye depth +.3630** + .037$ +.2127** + .0332 +.3775'"'* + .0322
Tuber appearance +.2999** + .0371 +.111$* + . 036$ +.1678** + .0369
.115 s ig n i f ic a n t  a t  th e  1 p e r  cen t le v e l .
* .089 s ig n i f ic a n t  a t  th e  5 p e r  cen t l e v e l .
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TABLE lit. Correlation co e ffic ien t and standard error of correlation co e ffic ien t for sp ec ific  gravity
from ten progeny lin es  grown in  North Dakota and Louisiana during 1962 and 1963





-  N orth Dakota 
1963
L ou isiana  -  North Dakota 
1963 1962




1 +.3837** + .0792 +.1*287** + .0758 +.1*1*98** + .07U1
2 +.21*16* + .1102 +.3915** + .0991 +.3158** + .1051*
3 +.361*8** + .0791 +.U516** + .0727 + .3868** + .0776
1* +.0186 + .1223 +.1*1*11** + .1233 +.2751* + .111*7
6 +.51*01*** + .1961* +.1*286** + .2261* +.3228** + .21*81*
7 +.3986** + .1129 +.2998* .1120 +.5031** + .0919
8 +.1392 + .1215 +.1*123** + .1051* +.11*91 + .121*2
9 +.5221** + .0829 +.51*01** + .0807 +.529U** + .0620
10 +.1300 + .1192 +.3772** + . 101*0 +.1*038** + .1015
11 +.1*005** + .1187 +.1*285** + .1155 +.51*15** + .0998
** S ignificant at 1 per cent le v e l.
* S ignificant at 5 per cent le v e l.
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u s in g  e i t h e r  K atahdin  o r  Bounty a s  p a re n ts  would in d ic a te  t h a t  th e y  
would be b e n e f i c i a l  i n  a t t a in in g  h igh  s p e c i f i c  g ra v i ty  in  e i t h e r  
L o u is ian a  o r  N orth Dakota* p ro v id in g  d e s ir a b le  reco m b in a tio n s were made.
D ata from  T able 15 showed a r e l a t i v e l y  h ig h  c o r r e l a t io n  betw een 
s p e c i f i c  g r a v i ty  and m a tu r ity  when c lo n es were grown in  L o u is ia n a , The 
o p p o s ite  was found  in  a s s o c ia t io n  o f  s p e c i f ic  g r a v i ty  and m a tu r ity  when 
c lo n e s  were grown i n  North D akota. I n  L o u is ia n a , c o r r e l a t io n  c o e f f i c i e n t  
f o r  s p e c i f i c  g r a v i ty  and m a tu r ity  e q u a lle d  -.1*010, w hile  i n  North D akota 
s im i la r  c o r r e la te d  c h a ra c te r s  e q u a lle d  +.01*12 (T ab les  19 and 2 0 ) . The 
r e l a t i v e l y  h igh  n e g a tiv e  c o r r e l a t io n  c o e f f i c i e n t  in  L o u is ian a  would 
in d ic a te  t h a t  e a r ly  m aturing  c lo n es  produced th e  h ig h e s t  s p e c i f i c  g r a v i ty .  
The o n ly  c ro s s  w ith  no c o r r e l a t io n  was P ed ig ree  No. 11, Catoosa x N orland . 
These were two e a r ly  m a tu rin g , low s p e c i f i c  g ra v i ty  p a re n ts .  The h ig h e s t  
n e g a tiv e  c o r r e l a t io n  c o e f f i c i e n t ,  - .5 5 2 5 , was found  when Bounty was 
c ro s se d  w ith  Viking (T ab le  1 5 ) .
C o r re la t io n  c o e f f i c i e n t s  betw een s p e c i f i c  g r a v i ty  and v ig o r 
e q u a l le d  - .2 0 6 2  f o r  c lo n e s  from  a l l  f a m i l ie s  grown i n  L o u is ia n a  and 
+ .0381* f o r  a l l  c lo n e s  grown i n  N orth D akota. N egative c o r r e la t io n s  
in d ic a te d  th e  l e a s t  v ig o ro u s  c lo n e s  produced th e  h ig h e s t  s p e c i f i c  g r a v i ty .  
The poo led  c o r r e la t io n  o f  a l l  f a m il ie s  grown in  L ou is iana  was s i g n i f i c a n t .  
However, n o n - s ig n i f ic a n t  c o r r e la t io n s  were o b ta in e d  f o r  over h a l f  o f th e  
progeny l i n e s .  Only progeny l in e s  in v o lv in g  c ro s s e s  betw een Bounty x  
ND l*52l*-7R, Bounty x ND l*52l*-l6R, Bounty x V iking, and Norland x  TL 1859 
showed a s i g n i f i c a n t  n e g a tiv e  c o r r e l a t io n .  At l e a s t  one o f  th e  p a re n ts  
in  th e s e  progeny  l i n e s  was h ig h ly  v igo rous (T able 1 6 ) .  A lthough two 
progeny l in e s  grown in  N orth Dakota showed some a s s o c ia t io n  betw een
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TABLE 15. C o rre la tio n  c o e f f ic ie n t  and s tan d ard  e r ro r  o f c o r r e la t io n  
c o e f f ic ie n t  fo r  s p e c i f ic  g ra v ity  and e a r ly  p la n t  m a tu rity  
of te n  progeny l in e s  grown in  L ouisiana and North Dakota, 
1963
Pedigree C o rre la tio n c o e f f ic ie n t
number L ou isiana , 1963 North Dakota, 1963
1 -.3985** + .0781 -.0731 * .0909
2 -.U335** + .0950 -.1159 1 .1155
3 -.3867** + .0776 -.011*6 + .0913
U -.3579** + .121*0 -.0687 + .1215
6 -.6677** * .1537 +.0696 + .2760
7 -.J*9Uo** + .1035 +.0671 1 .1170
8 -.1*356** + .1029 -.0237 1 .1269
9 -.5525** + .0792 -.0976 + .1129
10 -.2107 + .1159 -.2502* 1 .1137
11 -.0638 + . 11*08 +.0710 + .11*07
** Significant at 1 per cent le v e l.
* Significant at 5 per cent lev e l.
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TABLE 1 6 , C o r r e la t io n  c o e f f i c i e n t  and  s ta n d a rd  e r r o r  o f  c o r r e l a t i o n  
c o e f f i c i e n t  f o r  s p e c i f i c  g r a v i t y  and v ig o r  o f  te n  p ro g en y  
l i n e s  grown i n  L o u is ia n a  an d  N orth  D akota i n  1963
P e d ig re e C o r r e la t io n c o e f f i c i e n t
number L o u is ia n a , 1963 N orth  D akota , 1963
1 - .1 1 0 1  + .0917 -.1 3 7 2 + .0926 
imm
2 + .0975  + .1159 +.0365 + .1169
3 - .1 2 7 9  + .0898 +.0652 + .0909
U - .0 1 0 1  + .1225 +.2809* ±  .1239
6 - .2 0 6 6  + .2655 + .U1*33 + .2229
7 -.30U 6**  + .1223 - .0 9 2 6 + .1112
8 -.U 217** + .lO ldi - .0 2 0 0 + .1269
9 - .3 9 1 1 * *  + .0965 - .0 9 2 5 + .1130
10 -.3 5 6 0 * *  + .1059 + .3010* + .1103
11 - .1 8 8 7  + .136U +.1L20 + .1386
** S ig n ifica n t at 1 per cent lev e l*
* S ig n ific a n t at 5 per cent le v e l .
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s p e c if ic  g ra v ity  and v ig o r, the pooled c o r r e la t io n  c o e f f ic ie n t  o f  a l l  
fa m ilie s  alm ost eq u a lled  zero .
Data in  Table 13 shows a c o r r e la t io n  c o e f f ic ie n t  o f +.i*908 fo r  
m a tu rity  o f second c lo n a l  g en era tio n s grown i n  L ouisiana and North 
Dakota. This in d ic a te d  th a t  i f  c lones were l a t e  in  North Dakota th ey  
were r e l a t i v e ly  l a t e  in  L o u is ian a . Progeny l in e s  had a range o f  c o rre ­
l a t io n  c o e f f ic ie n t  o f +.3513 fo r  Pedigree No. 7 to  +.526U f o r  Pedigree  
No. 8 (Table 17)* Bounty was the fem ale paren t in  both of th e se  c ro s se s , 
w hile  ND U52U-16R and ND U52U-7R, two r e la te d  s e le c t io n s ,  were th e  m ales.
Vigor was a ls o  p o s i t iv e ly  c o r r e la te d  f o r  second-year c lo n a l 
gen era tio n s grown in  L ou isiana  and North Dakota. A +.U17U c o r re la t io n  
c o e f f ic ie n t  was ob ta in ed  fo r  t h i s  c h a ra c te r  (Table 1 3 ). Pedigree No. 3 , 
I r i s h  Cobbler x K atahdin , w ith  a +.5659 and Pedigree No. 11, Norland x 
Catoosa, w ith +.23UU showed the  h ig h es t and low est c o r r e la t io n  c o e f f i ­
c ie n t  fo r  v ig o r o f progeny l in e s  grown a t  the  two lo c a tio n s  (Table 1 7 ).
C o rre la tio n  c o e f f ic ie n ts  f o r  th e  a s s o c ia t io n  of v ig o r and 
m a tu rity  a re  p resen ted  in  Tables 19 and 20, The c o r r e la t io n  c o e f f i ­
c ie n ts  fo r  th e se  two c h a ra c te rs  were +.5133 f o r  c lones grown in  
L ouisiana and +.5318 f o r  c lones grown in  North Dakota. These d a ta  show 
a c lose  a s s o c ia t io n  of m a tu rity  and v ig o r. A p o s i t iv e  c o r r e la t io n  
in d ic a te s  th a t  the most vigorous c lones were th e  l a t e s t  in  m a tu r ity .
Data in  Table 13 show th e  c o r r e la t io n  c o e f f ic ie n t  f o r  tu b e r shape , 
eye dep th , and tu b e r appearance when c lones were grown in  L ouisiana and 
North Dakota. C o rre la tio n  c o e f f ic ie n t  f o r  tu b er shape eq u a lle d  +.U937 
(Table 1 3 ), in d ic a t in g  th e  c lo se  a s s o c ia t io n  and homogeneity fo r  tu b e r  
shape when c lo n es  a re  grown a t  th e  two lo c a t io n s .  The c h a ra c te rs  eye
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d e p th  and tu b e r  ap p ea ran ce  showed a c o r r e l a t i o n  c o e f f i c i e n t  o f  + ,3630  
and +.2999* r e s p e c t iv e ly ,  f o r  a l l  f a m i l i e s  (T ab le  1 3 ) .  A p o s i t iv e  
c o r r e l a t i o n  was a l s o  found  f o r  th e s e  c h a r a c te r s  when th e y  w ere t e s t e d  a s  
f i r s t  c lo n a l  g e n e ra t io n  i n  N orth  D akota and second  c lo n a l  g e n e r a t io n  i n  
L o u is ia n a  and N orth  D ako ta .
Ejye d e p th  was more h ig h ly  c o r r e l a t e d  f o r  second g e n e r a t io n  c lo n e s  
grown i n  L o u is ia n a  and N orth  D akota when d eep -ey ed  p a r e n ts  such  a s  I r i s h  
C o b b ler and La C h ip p er were used  (T ab le  1 3 ) .  C ro sse s  betw een  two 
r e l a t i v e l y  sh a llo w -e y e d  p a r e n ts  showed l i t t l e  o r  no c o r r e l a t i o n .
i ie s u i t s  from  th e  co m p u ta tio n s  o f  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  
tu b e r  ap p ea ran ce  in d ic a te d  t h a t  a  few  fa m ily  l i n e s  w ere s i g n i f i c a n t  when 
grown i n  L o u is ia n a  and  N orth  D akota. However, none w ere o f  s i g n i f i c a n t  
m agnitude to  be o f  any  r e a l  v a lu e  from  a  p r e d i c t i v e  s ta n d p o in t .  C lo n a l 
l i n e s  h av in g  K atah d in  a s  a  p a re n t  seemed t o  show th e  g r e a t e s t  a s s o c i ­
a t i o n  (T ab le  1 8 ) .
C o r r e la t io n  c o e f f i c i e n t s  a r e  u sed  t o  m easure th e  m agn itude  o f  
l i n e a r  r e l a t i o n s h i p s  o r  th e  d e g re e  t o  w hich v a r i a b le s  v a ry  t o g e th e r .
When l i n e a r  r e l a t i o n s h i p  i s  s m a ll ,  th e  c o r r e l a t i o n  c o e f f i c i e n t  i s  n e a r  
z e ro .  The a s s o c i a t io n  betw een  in d iv id u a l  v a r i a b le s  o r  c lo n e s  i s  
im p o r ta n t i n  d e te rm in in g  w h e th e r a  p a r t i c u l a r  c lo n e  h as th e  same o r  
d i f f e r e n t  c h a r a c te r  e x p re s s io n  when grown u n d er two s e t s  o f  e n v iro n ­
m e n ta l c o n d i t io n s .
I n  t h i s  s tu d y , one o f  th e  m ain o b je c t iv e s  was t o  d e te rm in e  w h e th e r  
a  c lo n e  h av in g  h ig h  s p e c i f i c  g r a v i t y  i n  th e  N orth  would l ik e w is e  have a  
h ig h  s p e c i f i c  g r a v i ty  when grown i n  th e  S o u th . R e s u l ts  from  t h i s  s tu d y
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TABI£ 17 . C o r re la t io n  c o e f f i c i e n t  and s ta n d a rd  e r r o r  o f  c o r r e l a t io n  
c o e f f i c i e n t  f o r  p la n t  m a tu r ity  and v ig o r o f  te n  progeny 
l in e s  grown i n  L o u is ian a  and North Dakota in  1983
C o r re la t io n  C o e f f ic ie n t
P ed ig ree C h arac te r
number P la n t  m a tu r ity V igor
1 +.U9UU** i .0702 +.3912** + .0786
2 +.3960** + .0986 +.U636** + .0919
3 +.3121** + .0673 +.5639** + .0892
U +.3639** + .1219 +.269U* + .1216
6 +.7750** + .1109 +.1U69 + .2708
7 +.526U** + .1176 +.U823** + .1136
8 +.3513** + .1113 +.3929** i .1251
9 +.U858** + .0871 +.U212** + .1108
10 +.U650** + .0950 +.3HiU** + .11U0
11 +.U122** + .1171* +.23UU* + .1337
** S ign ificant at 1 per cent le v e l.
* S ign ifican t a t  5 per cent le v e l .
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TABLE 18. C o r re la tio n  c o e f f ic ie n t  and s ta n d a rd  e r r o r  o f c o r r e l a t io n  
c o e f f ic ie n t  f o r  tu b e r  eye depth  and tu b e r  appearance o f  
t e n  progeny l in e s  grown i n  L o u is ian a  and N orth D akota in  
1963
C o r re la t io n  c o e f f i c i e n t
P ed ig ree
number
C h arac te r
Tuber eye depth Tuber appearance
1 +.3336** + .0911* +.1002 + .0919
2 +.5009** + .1136 +.3087** + .1059
3 + .1*21*7** + .071*8 +.2966** + .0833
1* +.21*99* + .1163 +.2372* + .1171
6 +.OU68 + .2767 + .036I + .2769
7 V.33U 1*** + .1093 + .1*21*8** + .1009
8 +.2562* + .1233 +.1705 i  .1233
9 +.2333* + .1139 +.2859** i  .101*7
10 +.1*7U2** + .1212 +.1083 + .1198
11 +.37UO** + .11*10 +.31*73* + .121*1*
** S ign ificant at 1 per cent le v e l.
* S ign ificant at 5 per cent le v e l .
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TABLE 19* C o rre la tio n  betw een L o u is ia n a  second c lo n a l  g e n e ra t io n  
o b se rv a tio n s  f o r  s p e c i f i c  g r a v i ty  and p la n t  m a tu r ity  
and fo u r te e n  o th e r  s e t s  o f o b se rv a tio n s
Second c lo n a l  g e n e ra tio n , Baton Rouge, La. 
C o r re la t io n  c o e f f ic ie n t
C o rre la te d C h a rac te r
c h a ra c te r S p e c if ic  g r a v i ty  P la n t m a tu r ity
F i r s t  c lo n a l  g e n e ra tio n  
Grand F o rk s , N orth Dakota
S p e c if ic  g r a v i ty +.1*081* -.3U 11
Tuber eye dep th -.0 6 8 7 +.0032
Tuber shape -.0 8 2 6 +.0300
Tuber appearance +.5105 -.0 0 6 2
Second c lo n a l  g e n e ra tio n  
Grand F o rk s , North Dakota
S p e c if ic  g ra v i ty +.31*51 -.071*5
P la n t m a tu r ity -.21*01 +.1*908
Vigor -.11*26 +.2981
Tuber eye dep th - .0 6 8 9 +.0257
Tuber shape -.0 3 9 3 -.021*8
Tuber appearance +.11.06 -.0 9 0 3
Second c lo n a l  g e n e ra tio n  
Baton Rouge, L o u is ia n a
S p e c if ic  g r a v i ty 1.0000 -.1*010
P la n t  m a tu r ity -.1*010 1.0000
V igor -.2 0 6 2 +.5133
Tuber eye dep th -.0 7 5 5 +.0083
Tuber shape -.1 7 0 2 +.1176
Tuber appearance +.266? - .2 6 2 0
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TABLE 20 . C o r re la t io n  betw een North Dakota second c lo n a l  g e n e ra tio n  
o b se rv a tio n s  f o r  s p e c i f i c  g ra v i ty  and p la n t  m a tu r ity  and 
fo u r te e n  o th e r  s e t s  o f o b se rv a tio n s
Second c lo n a l  g e n e ra t io n , Grand F o rk s , N.Dak.
C o rre la tio n  c o e f f i c i e n t
C o rre la te d C h a rac te r
c h a ra c te r S p e c if ic  g r a v i ty P la n t  m a tu r ity
F i r s t  c lo n a l  g e n e ra tio n  
Grand F o rk s , North Dakota
f
S p e c if ic  g ra v i ty +.3392 -.1055
Tuber eye dep th - .0 1 1 0 +.0096
Tuber shape -.1 7 1 7 +.1137
Tuber appearance +.095$ - .0 8 2 7
Second c lo n a l  g e n e ra tio n  
Grand F o rk s , North Dakota
S p e c if ic  g ra v i ty 1.0000 + .01*12
P la n t  m a tu r ity + .01*12 1.0000
V igor +.0381* +.5318
Tuber eye depth +.0081 -.1 0 3 9
Tuber shape -.1103 -.0061*
Tuber appearance +.2358 -.2 0 5 2
Second c lo n a l  g e n e ra tio n  
Baton Rouge, L o u is ian a
S p e c if ic  g ra v i ty +.31*51 -.21*01
P la n t  m a tu r ity -.071*5 +.U908
Vigor +.0182 +.1*067
Tuber eye dep th +.0057 -.0 1 8 1
Tuber shape +.0851 +.1063
Tuber appearance  * +.13U3 -.1 7 1 1
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and from o th e r  I n v e s t ig a to r s  have shown th a t  environm ent g r e a t ly  a f f e c t s  
s p e c i f i c  g r a v i ty .  The amount o f  v a r i a b i l i t y  found betw een c e r t a in  
v a r i e t i e s  grown on th e  same farm  has been w e l l  i l l u s t r a t e d  by S tevenson  
and Whitman (7 2 ) . F ig u re  6 shows th a t  some c lo n es  w i th in  a progeny had 
some degree o f s t a b i l i t y  and would produce a r e l a t i v e l y  h igh  d eg ree  o f 
s p e c i f i c  g ra v i ty  when grown in  e i t h e r  L o u is ian a  o r  North D akota. When 
d e te rm in in g  th e  number o f c lo n es  w ith  a  s p e c i f i c  g r a v i ty  exceed ing  1.08U 
in  North D akota, th e r e  was a range  o f  U.8 p e r  c e n t to  3 5 .6  p e r  cen t 
betw een progeny l in e s  (F ig u re  6 ) .
The low er l im i t s  o f c lo n es  hav ing  a s p e c i f i c  g r a v i ty  o f  1.06U and 
1.08U would no t be c o n s id e re d  e x c e p tio n a l ly  h ig h . However, many c lo n es 
exceeded th e se  low er l im i t s  by s e v e r a l  increm en ts  i n  s p e c i f i c  g r a v i ty .  
These low er l im i t s  were a ls o  th e  same a s  o r  exceeded th e  mean o f b o th  
p a re n ts  grown a t  a p a r t i c u l a r  l o c a t io n .  Gene in f lu e n c e  o f  p a re n ts  used  
in  t h i s  s tu d y  was im p o rtan t in  o b ta in in g  c lones w ith  a h ig h  s p e c i f i c  
g r a v i ty .  I n  most c a s e s ,  c ro s se s  in v o lv in g  p a re n ts  o f  h ig h  s p e c i f i c  
g r a v i ty  gave th e  h ig h e s t  p e r  c e n t o f  c lo n e s  t h a t  had a h igh  s p e c i f i c  
g r a v i ty  a t  bo th  lo c a t io n s  (F ig u re  6 ) .  C rosses o f  low x low, low x 
medium, and low x h igh  produced progeny o f  th e  lo w est s p e c i f i c  g ra v i ty  
wnen grown i n  e i t h e r  L o u is ian a  o r  N orth  D akota. A sso c ia tio n  betw een 
f i r s t  c lo n a l  g e n e ra tio n s  grown i n  N orth Dakota i n  1962 and second c lo n a l  
g e n e ra tio n s  in  N orth Dakota and L o u is ia n a  showed an  even g r e a te r  number 
o f  c lo n es  w ith  low s p e c i f i c  g r a v i ty  a t  one o r  more o f  th e  lo c a t io n s .  
However, i t  was d i f f i c u l t  to  c o n s id e r  th e  low er l im i t s  i n  s p e c i f i c  
g r a v i ty  o f  c lo n e s  grown as f i r s t  c lo n a l  g e n e ra tio n  i n  N orth Dakota in  
1962. S e v e ra l in v e s t ig a to r s  (12) have re p o r te d  t h a t  c e r t a in  f a c to r s ,
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such as s e e d lin g  s i z e ,  a f f e c t  th e  e f f ic ie n c y  o f s e l e c t in g  in  tn e  f i r s t  
c lo n a l  g e n e ra tio n .
F ig u re s  7> 9 and 10 show th e  p e r  c en t o f  c lo n e s  from d i f f e r e n t
progerjy l in e s  t h a t  e x p re sse d  d e s ira b le  c h a ra c te r  e x p re ss io n  f o r  fo u r  
c h a ra c te rs  when grown in  L o u is ian a  and N orth  D akota, an d  a ls o  th e  p e r 
c en t o f  c lo n e s  t h a t  were d e s ir a b le  when grown a t  b o th  lo c a t io n s .
C h a rac te r e x p re ss io n  was found to  vary  f o r  each c h a ra c te r  and  f o r  each  
p a re n ta l  reco m b in a tio n .
H e r i t a b i l i t y
H e r i t a b i l i t y  i n  th e  b road  se n se  fo r  f iv e  c h a r a c te r s ,  or th e  r a t i o  
o f  t o t a l  g e n e t ic  v a rian ce  to  pheno typ ic  v a r ia n c e , was e s t im a te d  f o r  a l l  
c lo n es  grown as second  c lo n a l  g e n e ra tio n  in  L o u is ian a  and N orth D akota, 
H e r i t a b i l i t y  i s  u sed  in  b o th  a broad  sen se  and a narrow  se n se . 
However, due to  in ad eq u ac ie s  in  th e  c ro s s in g  o f  p a r e n ts ,  a d d i t iv e  g e n e tic  
v a ria n ce  was n o t e s t im a te d . T h e re fo re , h e r i t a b i l i t y  i n  th e  narrow  sense  
—a d d it iv e  g e n e tic  v a ria n c e /p h e n o ty p ic  v a r ia n c e —was n o t c a lc u la te d .
A ccording to  Hanson (2 9 ) , h e r i t a b i l i t y  i n  th e  broad  se n se  
c o n s id e rs  th e  t o t a l  g e n e tic  v a r i a b i l i t y  i n  r e l a t i o n  to  th e  phen o ty p ic  
v a r i a b i l i t y .  The genotype i s  c o n s id e re d  as th e  u n i t  i n  r e l a t i o n  to  th e  
env ironm en t. H e r i t a b i l i t y  i n  th e  narrow  sen se  c o n s id e rs  o n ly  th e  
a d d i t iv e  p o r t io n  o f  th e  g e n e tic  v a r i a b i l i t y  i n  r e l a t i o n  to  th e  p h en o ty p ic  
v a r i a b i l i t y .  S e v e ra l in v e s t ig a to r s  (30 ; 36) have r e p o r te d  on h e r i t ­
a b i l i t y  i n  th e  b ro ad  sen se  b ased  on s in g le  p l a n t s ,  s in g le  p l o t s ,  
r e p l i c a te d  p l o t s ,  and on sam ples o f  p lo ts  to  d e sc r ib e  g e n e t ic  v a r i a b i l i t y  
i n  q u a n t i t a t iv e  p la n t  g e n e t ic s .
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Hanson e t  a l .  (30) f u r th e r  p o in t  ou t th a t  in  a se x u a lly  p ropaga ted  
crops any com bination  o f g e n e t ic  f a c to r s  which y ie ld s  s u p e r io r  genotypes 
can  be u t i l i z e d  th rough  c lo n a l  p ro p a g a tio n . H e r i t a b i l i ty  i n  a  broad  
sen se  would th e n  have a meaning f o r  a s e x u a l ly  rep roduced  p la n ts  s in c e  
a l l  g e n e t ic  v a r i a b i l i t y  i s  u s e a b le .
T o ta l  v a rian ce  was s e p a ra te d  i n to  th r e e  so u rc e s— lo c a t io n ,  c lone  
o r  geno type , and c lo n e  by lo c a t io n  i n t e r a c t io n .  Hanson e t  a l .  (30) 
d isc u sse d  th e  use  o f  a  form ula  fo r  h e r i t a b i l i t y  i n  which in te r a c t io n  
components a re  n o t d iv id e d  by th e  number o f  lo c a t io n s ,  y e a r s ,  o r  r e p l i ­
c a t io n s  in v o lv e d . A ccording to  th e s e  w r i t e r s ,  t h i s  i s  a  more a p p ro p r i­
a te  method when com paring h e r i t a b i l i t y  e s t im a te s  f o r  d i f f e r e n t  c h a ra c te r s  
and d i f f e r e n t  environm ents an d  ex p e rim en ts . This method was r e f e r r e d  to  
as h e r i t a b i l i t y  o f  a s in g le  p l o t .  The fo llo w in g  fo rm ula  was used  fo r  
e s t im a tin g  h e r i t a b i l i t y :
C?2 c lo n es x 100 ■ h e r i t a b i l i t y  e s tim a te  f o r
<32 c lo n e s  + CT2 c lo n es  x lo c a t io n  s in g le  p lo t
H e r i t a b i l i t y  i n  th e  Broad Sense
H e r i t a b i l i t y  e s t im a te s  fo r  s p e c i f ic  g r a v i ty  ranged  from  1 .5  to  
5 0 .1  p e r  cen t (T able 2 1 ) . H e r i t a b i l i t y  e s t im a te s  were s im i la r  f o r  a l l  
c ro s se s  in v o lv in g  B arly  Gem x K atahd in , Ha Chipper x  K atahd in , and I r i s h  
C obbler x  K a tahd in , b u t  was o f  a v e ry  low m agnitude when W hite Rose was 
c ro s se d  w ith  K a tah d in . C rosses in v o lv in g  Bounty x ND Ij52U-16R and 
Bounty x Viking were a ls o  q u i te  s im i la r ,  b u t  Bounty x ND 1|52U—7JR- was 
found to  be  co m p ara tiv e ly  low . The p a re n ts  Bounty, ND li$2U-16R, and 
Viking a l l  p roduced progeny w ith  r e l a t i v e l y  h ig h  s p e c i f i c  g r a v i ty ,  w h ile  
ND U52U-7H produced progeny w ith  v e ry  low s p e c i f i c  g r a v i ty .  A pparen tly
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TABI£ 21* H e r i t a b i l i ty  on a  s in g l e - p lo t  b a s i s  f o r  f iv e  c h a ra c te r s  
grown as seco n d -y ea r c lo n a l  g e n e ra tio n  in  L o u is ian a  and 
North Dakota i n  1963
P ed ig ree
number
P er cen t h e r i t a b i l i t y
C h arac te r
S p e c if ic
g ra v i ty
P la n t





1 3U.3 U9.3 3 8 .U 33 .1 9 .9
2 23 .8 39 .1 ltU.6 50 .1 30 .8
3 33.U 50 .3 53 .7 U2.U 3 0 .0
U 1 .5 3 6 .U 30 .9 2U.U 23 .8
7 39 .6 52 .6 U7.8 3 3 .U U2.U
8 13.3 3 5 .0 3 8 .9 25 .0 18.3
9 5 0 .1 U8.7 U2.1 22. U 28.2
10 12.3 U5.5 30 .9 U7.7 1 1 .1
11 3 2 .8 U0.5 2 3 .0 37 .2 3 3 .8
Mean 26 .7  UU.2 3 8 .9  3 5 .1  25.U
Range 1 .5 -5 0 .1  3 5 .0 -5 2 .6  2 3 .0 -5 3 .7  22 .U -50 .1  9.9-U2.U
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a g r e a te r  p e rc en ta g e  o f  th e  v a ria n c e  was g e n e t ic  in  th e  c ro s s e s  in v o lv in g  
E a r ly  Gem x K atahd in , La Chipper x  K atahdin , I r i s h  C obbler x  K a tah d in , 
Bounty x ND U52U-16R, and Bounty x V iking th a n  K atahdin  x White Rose and 
Bounty x ND l*52l*-7R. A c o m p ara tiv e ly  h igh  e s t im a te  o f  h e r i t a b i l i t y  was 
a ls o  found f o r  th e  c ro ss  Catoosa x N orland, b u t a  low e s tim a te  was found 
fo r  Norland x TL 1859.
H e r i t a b i l i t y  e s tim a te s  f o r  m a tu r ity  were q u i te  h igh  f o r  a l l  
p ro g e n ie s . The m agnitude o f  th e  e s t im a te s  f o r  a l l  c ro s se s  ex cep t W hite 
Rose x  K atahdin  in d ic a te d  th a t  a  h ig h e r p ro p o r tio n  o f  th e  pheno typ ic  
va rian ce  r e s u l te d  from  g e n e tic  e f f e c t .  H e r i t a b i l i t y  f o r  c ro s se s  ranged  
from 3 5 .0  to  5 2 ,6  p e r c e n t (T able 2 1 ) . Lowest h e r i t a b i l i t y  e s t im a te s  
were found fo r  th e  c ro s s e s  White Rose x K atahd in  and Bounty x  ND U52U-7R.
The h e r i t a b i l i t y  e s t im a te s  f o r  p la n t  v ig o r  were a ls o  q u ite  n ig h  
excep t f o r  th e  c ro s s  in v o lv in g  Catoosa x N orland which was somewhat low . 
H e r i t a b i l i ty  e s t im a te s  f o r  a l l  c ro s s e s  ranged  from  23*0 to  53*7 p e r  c e n t 
(T able 2 1 ) .
H e r i t a b i l i t y  e s t im a te s  f o r  eye d e p th  ranged from  2 2 .U to  5 0 .1  p e r  
c e n t fo r  a l l  c ro s se s  in v o lv ed  i n  t h i s  s tu d y . The c ro s s e s  in v o lv in g  
K atahdin  x W hite Rose and Bounty x Viking e x p re ssed  th e  lo w est h e r i t ­
a b i l i t y  e s t im a te s ,  w h ile  a l l  o th e r  c ro sse s  e x p re ssed  r e l a t i v e l y  h igh  
h e r i t a b i l i t y  e s t im a te s  (T able 2 1 ).
When a l l  c h a ra c te rs  were com pared, h e r i t a b i l i t y  e s t im a te s  f o r  
tu b e r  appearance showed th e  l e a s t  amount o f  c o n t in u i ty .  The range in  
h e r i t a b i l i t y  f o r  a l l  c ro s se s  was 9 .9  to  U2.U p e r  c e n t (Table 2 1 ) . 
C onsequently , th e  e s t im a tio n  o f  h e r i t a b i l i t y  i n  th e  b ro ad  sen se  o f  
s e v e r a l  c ro sse s  was o f a  m agnitude to  in d ic a te  t h a t  v e ry  l i t t l e  g e n e tic
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v a rian ce  was p re s e n t  i n  th e  pheno typ ic  v a r ia n c e . No doubt th e  s u b je c t iv e  
n a tu re  o f  th e  t e s t  f o r  tu b e r  appearance a ls o  c o n tr ib u te d  to  th e  low 
e s tim a te  o f  h e r i t a b i l i t y  o f  c e r t a i n  c ro s s e s .
E stim a tes  o f  h e r i t a b i l i t y  f o r  th e  c ro s s e s  E a rly  Gem x K atahd in ,
La C hipper x  K atahd in , I r i s h  Cobbler x K atahd in , and White Rose x 
K atahdin  in d ic a te d  th e  p resen ce  o f  some g e n e tic  v a ria n c e  f o r  K atahdin  x 
La Chipper and K atahdin  x I r i s h  C obbler, bu t ve ry  l i t t l e  f o r  E a rly  Gem x 
K atahdin  and W hite Rose x K atahd in . When com paring th e  c ro s se s  
in v o lv in g  Bounty, th e  lo w est h e r i t a b i l i t y  e s tim a te  was found w ith  Bounty 
x ND U52U-7R. Norland x TL 1859 a ls o  e x p re ssed  low h e r i t a b i l i t y  e s t i ­
m ates. M ullins (U7) found s in g le - p lo t  h e r i t a b i l i t y  e s t im a te s  f o r  s e v e ra l  
p ro g en ie s  and c lo n e s  to  be  2 1 ,1  p e r  c e n t f o r  tu b e r  appearance when p lo ts  
were grown i n  M innesota and N orth D akota,
In  g e n e ra l ,  r e s u l t s  o f  h e r i t a b i l i t y  e s t im a te s  f o r  tu b e r  a p p e a r­
ance would be to o  in c o n s is te n t  to  e f f e c t i v e l y  s e l e c t  f o r  tu b e r  ap p ea r­
ance in  L o u is ian a  and N orth  D ako ta. However, i f  some b a s i s  f o r  th e  
r e l i a b i l i t y  o f e s t im a te s  o f  h e r i t a b i l i t y  fo r  tu b e r  appearance  can be made 
c e r t a i n ,  p a re n ts  would have more g e n e t ic  and l e s s  en v iro n m en ta l v a r ia n c e . 
For exam ple, th e  c ro s s  betw een Bounty and ND 152U-16R had a  h e r i t a b i l i t y  
e s tim a te  o f  U2.U p e r  c e n t .  Both o f  th e s e  p a re n ts  have good to  e x c e l le n t  
tu b e r  appearance .
H e r i t a b i l i t y  e s t im a te s  f o r  s p e c i f i c  g r a v i ty  and tu b e r  appearance 
o f  f i r s t  g e n e ra tio n  c lo n es  grown in  N orth Dakota and second  g e n e ra tio n  
c lo n es  grown in  b o th  L o u is ian a  and N orth Dakota were compared. H e r i t ­
a b i l i t y  e s t im a te s  f o r  s p e c i f ic  g r a v i ty  were very  s im ila r  f o r  a l l  
p ro g en ies  ex cep t th e  c ro ss  Bounty x ND b52U-7R and Bounty x ND U52U-16R
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(T able  2 2 ) . C onsidering  th e  same c lo n a l  g e n e ra tio n s  grown in  L ou is iana  
and N orth D akota, h e r i t a b i l i t y  e s t im a te s  f o r  tu b e r  appearance showed 
l i t t l e  o r  no c o n tin u i ty  (T able 2 2 ). H e r i t a b i l i ty  e s tim a te s  f o r  c ro s se s  
o f f i r s t  and  second c lo n a l  g e n e ra tio n s  grown in  North Dakota ranged from 
1U*7 to  5U.2 p e r  c e n t f o r  s p e c i f i c  g r a v i ty  and zero  to  3 6 .1  p e r  cen t f o r  
tu b e r  app ea ran ce .
G enetic  Advance E xpected  from S e le c tio n
The r a t e  o f  g e n e tic  advance under s e l e c t io n  i s  in f lu e n c e d  by 
s e v e ra l  f a c to r s  in c lu d in g  th e  m agnitude o f  d if f e r e n c e s  i n  g e n e tic  v a r i ­
a b i l i t y  o f  th e  o r ig in a l  p o p u la tio n , th e  amount o f  e n v iro n m en ta l in f lu e n c e  
e x e r te d  upon th e  g e n e tic  e f f e c t s ,  and th e  i n t e n s i t y  o f s e l e c t io n  p re s s u re .
One o f  th e  im p o rtan t f a c to r s  a s s o c ia te d  w ith  h e r i t a b i l i t y  e s t i ­
m ates i s  th e  use o f  th e se  e s tim a te s  in  com puting th e  amount o f  observed  
v a r i a b i l i t y  which may be expec ted  and r e ta in e d  from one g e n e ra tio n  to  
th e  n ex t and from  lo c a t io n  to  lo c a t io n .  Such a t e s t  i s  p o s s ib le  when 
progeny a re  grown from  a g e n e ra tio n  o r  lo c a t io n  f o r  w hich h e r i t a b i l i t y  
e s t im a te s  have been  com puted. P la is te d  (53) used  h e r i t a b i l i t y  e s t im a te s  
o f  components o f  v a ria n ce  to  o b ta in  com parative  m easures o f average 
g e n e tic  advance which cou ld  be ex p ec ted  under d i f f e r e n t  com binations o f 
v a r i e t i e s ,  s e a so n s , lo c a t io n s ,  and r e p l i c a t io n s  i n  experim en ts to  
e v a lu a te  s p e c i f i c  g r a v i ty .  Combined a n a ly se s  were made o f  s p e c i f i c  
g ra v i ty  d a ta  o b ta in e d  from  s e v e ra l  lo c a t io n s  i n  th e  n o r th e rn  p a r t  o f  th e  
U nited  S t a te s .  He o b ta in e d  g e n e tic  advances ran g in g  from 2 .5  to  7*5 
(coded by .0 0 1 ) u n i ts  o f  s p e c i f ic  g r a v i ty  when one, tw o, and fo u r  
r e p l i c a t io n s  were compared to  s e v e r a l  lo c a t io n s  and  y e a r s .
TABLE 22. H eritability  on a sin g le-p lo t basis for sp ec ific  gravity and tuber appearance of clonal
generations grown in  Louisiana and North Dakota
  _____________________ Per cen t h e r i t a b i l i t y _______________  ____________
1 s t  c lo n a l g e n e ra tio n  2nd c lo n a l g en e ra tio n  1 s t  c lo n a l g en e ra tio n  2nd c lo n a l  g e n e ra tio n  
N. D ak., 1962  La. t 1963 N. D ak., 1962 -  N. D ak., 1963
Pedigree
number
C haracter C haracter
S p e c if ic  g ra v ity Tuber appearance S p e c if ic  g ra v ity Tuber appearance
1 1*1.3 li* .3 1*1*.1 0
2 37 .9 0 31.5 .5
3 1*1.7 l6.l* 38.7 36 .0
1* 7.3 7.7 21*. 1 25.8
7 29.7 9.8 50.3 0
8 1*0.8 7 .9 11*.7 23.7
9 52 .8 9 .0 52 .8 13.3
10 38.3 0 1*0.3 36 .1




7 .3 -5 2 .8
10.9
0 -33 .8






The use o f such e s tim a te s  to  p re d ic t  s e le c t io n  advance in  th e  
nex t c lo n a l g en e ra tio n  can be h e lp fu l  in  determ ining a p p ro p ria te  s e le c ­
t io n  p rocedu res . A lla rd  e t  a l .  (3) have used h e r i t a b i l i t y  e s tim a te s  in  
which the  components a re  d iv id ed  by th e  number of lo c a tio n s , y e a rs , or 
r e p l ic a t io n s  in v o lv ed . In  t h i s  t e s t ,  t o t a l  variance was se p a ra ted  in to  
so u rces , lo c a tio n s , c lone o r genotype, and clone by lo c a tio n  in te r a c t io n s .  
The estim ated  variance components were ob tained  from th e  same source as 
h e r i t a b i l i t y  e s tim a te s  fo r  s in g le  p lo ts .
C lonal h e r i t a b i l i t y ,  used to  p re d ic t  s e le c t io n  advance from second 
to  th i r d  c lo n a l g en era tio n , was e stim ated  a s :
2
O clone__________________________
°  c lone g 2...c3fiPS- * ..jg .pfo-i QS .  c lo n a l h e r i t a b i l i t y  e s tim a te s
From the  h e r i t a b i l i t y  e s t im a te s , expected  g e n e tic  advance in  the  
next g en e ra tio n  was c a lc u la te d  as GS -  (K) fcTA) (H) 
w here:
GS * Expected g en e tic  advance under s e le c t io n .
(K) -  S e le c tio n  d i f f e r e n t i a l  expressed  in  u n i ts  o f s tan d ard  d e v ia tio n
assuming normal d i s t r ib u t io n  o f o b se rv a tio n . According to  A lla rd  
(3 ) ,  fo r  10.□ per cen t s e le c t io n ,  t h i s  i s  1 .76 .
(<7A) ■ Phenotypic s tan d a rd  d e v ia tio n .
(H) * H e r i ta b i l i ty .
GS -  K xa  A x H
Per cen t ga in  * _________________GS________
Mean f o r  c h a ra c te r  a t two lo c a tio n s
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T ables 23 and 2h show th e  p r e d ic te d  s e l e c t i o n  advance from  th e  
second to  th e  t h i r d  c lo n a l  g e n e ra t io n  f o r  s e v e r a l  c h a r a c t e r s .  The 
p re d ic te d  advance from  th e  seco n d  to  t h i r d  c lo n a l  g e n e ra t io n  i s  b a sed  
on th e  assum ption  t h a t  th e  to p  1 0 .0  p e r  c e n t  o f  t h e  c lo n e s  a re  s e l e c t e d ,
e x p ec ted  S e le c t io n  Advance in  Next C lonal G enera tion
The e x p ec te d  g a in  i n  s p e c i f i c  g r a v i ty  (T ab le  23) ran g ed  from  .022 
to  5 .355 ( .0 0 1 )  u n i t s  o f  s p e c i f i c  g r a v i ty  o r ,  e x p re s s e d  in  term s o f  popu­
l a t i o n  m eans, a  ran g e  o f  .03 to  7 .9  p e r  c e n t  ad v an ce . Tnese p r e d ic te d  
advances i n  s p e c i f i c  g r a v i ty  w ere com parable t o  th o s e  found by P l a i s t e d  
(53)* P l a i s te d  (53 ) d esig n ed  a  t a b l e  w hich  c o u ld  be  u sed  a s  an  a i d  i n  
e v a lu a t in g  g a in s  f o r  s p e c i f i c  g r a v i ty .  His t a b l e  showed t h a t  e x p ec te d  
g e n e t ic  advance was 6 .616  ( .0 0 1 )  u n i t s  o f  s p e c i f i c  g r a v i ty  f o r  t h i r t y  
v a r i e t i e s  grown f o r  two y e a r s  a t  fo u r  lo c a t io n s  in  one r e p l i c a t i o n .  As 
shown i n  T able 23 , th e  c ro s s e s  L a r ly  Gem x  K a tah d in , La C hipper x 
K a tah d in , and  I r i s h  C obbler x K atahd in  had  a h ig h e r  p e r  c e n t  s e l e c t i o n  
advance th a n  W hite Rose x  K a tah d in . The c ro s s e s  Bounty x  ND U52U-16R 
and Bounty x V iking l ik e w ise  had a  h ig h e r  p e r  c e n t s e l e c t i o n  advance 
th a n  Bounty x ND L52U-7R.
The e x p e c te d  s e l e c t i o n  advance f o r  p la n t  m a tu r i ty  and v ig o r  a re  
a ls o  shown i n  T able  23, By assum ing th e  s e l e c t i o n  o f  th e  to p  1 0 ,0  p e r  
c e n t f o r  p la n t  m a tu r i ty ,  th e  s e l e c t i o n  advances ran g ed  from  .732 to  
1 .170  u n i t s  o f  m a tu r i ty  o r ,  e x p re sse d  i n  term s o f  p o p u la t io n  mean, a  
ran g e  o f  25*5 to  U3.9 p e r  c en t s e l e c t i o n  ad v an ce . The c ro s s  W hite Rose 
x  K atand in  gave th e  lo w e s t p e r  c e n t s e l e c t i o n  advance f o r  p la n t  m a tu r i ty .  
P e r c e n t s e l e c t i o n  advance f o r  o th e r  p ro g e n ie s  were q u i te  s i m i l a r j  how­
e v e r ,  s e v e r a l  o f  th e  p ro g e n ie s  in v o lv in g  very  e a r ly  x e a r ly  o r  e a r ly  x
TABIE 23. C lonal h e r i t a b i l i t y  and  expected  s e le c t io n  advancea f o r  s p e c i f ic  g ra v i ty ,  p la n t  m a tu r ity , and 
v igo r o f  second c lo n a l g e n e ra tio n  l in e s  grown in  L ou isiana  and North Dakota
S p e c if ic  g r a v i ty _______   P la n t m a tu rity ________   V igor_____________
Ped igree  P er cen t U nit P e r cen t Per cen t U nit Per cen t Per cen t U nit Per cen t 
number h e r i t a b i l i t y  ga in  advance h e r i t a b i l i t y  g a in  advance h e r i t a b i l i t y  g a in  advance
1 51.1 U.792 6.60 66.7
2 38.5 3.08U a. io 56.1
3 U8.8 3.977 5.20 66.9
U 2.9 .022 .03 53.3
7 56.8 5.331 7.10 68.9
8 23.5 2.09U 3.oo 51.9
9 66.8 5.855 7.90 65.5
10 21.8 1.667 2.30 62.5
11 U9.U 3.U16 U.8o 57.7
Mean UO.O 3.359 U.60 61 .1
aAssuming th e  top  10 .0  p e r cen t a re  s e le c te d ,  
g e n e ra tio n .
^Specific gravity coded by (.001).
1.10U 3U.U 55.5 .815 26 .0
.798 28.5 61.7 .a a a 30.2
1.086 37.8 69.9 1.123 35.7
.785 25.5 U1.8 • 55U 17.8
1.117 38.7 6U.6 1.125 36.5
.822 29.0 5 5 .6 .670 26 .9
1.170 43 .0 5 9 .1 1.035 36 .8
.983 U3.9 U7.2 .611 27 .0
.732 32 .6 37.3 .377 16.9
.955 3U.8 5U.7 .817 28.2
S e le c tio n  advance i s  from th e  second to  t h i r d  c lo n a l
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TABLE 2h* C lonal h e r i t a b i l i t y  and ex p ec ted  s e l e c t io n  advance3 f o r  tu b e r  
eye depth  and  tu b e r  appearance  o f  second g e n e ra tio n  c lo n a l  
l in e s  grown in  L o u is ian a  and North Dakota
Tuber eye d ep th Tuber appearance
P ed ig ree
number
Per c e n t 
h e r i t a b i l i t y
U n it Per cen t 
g a in  advance
Per c e n t U nit P er cen t 
h e r i t a b i l i t y  g a in  advance
1 U9.6 .5U3 1 6 .0 1 8 .1 .226 8 .6
2 66 .7 .802 2 6 .0 1*7.0 .505 16.2
3 59 .5 .756 27.2 1*5.7 .555 17 .9
U 39.2 .1*29 1U.0 38.1* .1*52 19.7
7 5 o .o -UiiS 13 .6 59 . 1* .651 20 .$
8 Uo.o .352 11 .0 3 1 .9 .351 10 .6
9 36 .5 .328 9 .7 1*3.9 .1*1*1 1 3 .1
10 6U.6 .61*6 2l*.0 7 .1 .120 U.3
11 5U.3 .613 18 .9 50 .5 .61*1 21 .9
Mean 51 .2 .51*6 17. 1* 3 8 .0 .1*38 1U.8
aAssuming th e  top  1 0 .0  p e r  cen t a re  s e le c te d .  S e le c t io n  advance 
i s  from  th e  second  and  t h i r d  c lo n a l  g e n e ra tio n .
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medium had a h ig h e r  p e r  c e n t  e x p ec te d  s e l e c t i o n  advance th a n  c ro s s e s  
in v o lv in g  l a t e  x  l a t e  o r  l a t e  x  medium m atu rin g  p a r e n ts .
E xpected  s e l e c t i o n  advance f o r  v ig o r  ran g ed  from  .377 to  1 ,125 
u n i t s  o r ,  e x p re sse d  i n  te rm s o f  p o p u la t io n  mean, a  range  o f  1 6 .9  t o  
3 6 .8  p e r  c e n t  s e l e c t i o n  ad vance . The c ro s s e s  W hite dose x K atahd in  and 
C atoosa x N orland had th e  lo w e st p e r  c e n t s e l e c t io n  ad v an ce . Progeny 
from  o th e r  c ro s s e s  in v o lv in g  K atahd in  and p rogeny  from  Bounty showed a 
h ig h  p e r  c e n t s e l e c t i o n  advance (T ab le  2 3 ) .
The e x p e c te d  s e l e c t i o n  advance f o r  sh a llo w  tu b e r  eye d e p th  and 
e x c e l le n t  tu b e r  ap pearance  a re  found i n  T able 2 k . E xpected  s e l e c t i o n  
advance f o r  tu b e r  eye d e p th  ran g ed  from  .328  to  .802 u n i t s  o r ,  e x p re ssed  
in  te rm s o f  p o p u la t io n  mean, a ran g e  o f  9*7 to  27 .2  p e r  c e n t s e l e c t i o n  
ad v an ce . When com paring th e  s e l e c t i o n  advance o f  th e  to p  1 0 .0  p e r  c e n t
o f  th e  c lo n e s  f o r  tu b e r  eye d e p th , th e  c ro s s e s  La C hipper x K atahd in  and
C obbler x  K atahd in  had a  h ig h e r  p e r  c e n t s e l e c t i o n  advance th a n  E a r ly  
lem x K atahd in  and W hite rfose x  K a tah d in . Both c ro s s e s  in v o lv in g  th e  
p a re n t  N orland  were a l s o  r e l a t i v e l y  h ig h .
E xpected  s e l e c t i o n  advance from  t h e  second  to  t h i r d  g e n e ra t io n  
f o r  e x c e l le n t  tu b e r  appearance  ran g e d  from  *120 to  .651  u n i t s  o r ,  
e x p re sse d  i n  te rm s o f  p o p u la t io n  mean, a  ran g e  o f  ii»3 to  2 1 .9  p e r  c e n t
s e l e c t i o n  advance (T ab le  2U). M u llin s  (U7) found  an  1 1 .1  p e r  c e n t
s e l e c t i o n  advance f o r  tu b e r  ap pearance  when s e v e r a l  c lo n e s  w ere grown 
i n  M innesota and N orth  D ako ta. The c ro s s  betw een C atoosa x N orland 
p roduced  th e  lo w e st p e r  c en t s e l e c t i o n  ad vance , w h ile  N orland x TL 1859 
p roduced  th e  h ig h e s t  p e r  c e n t  s e l e c t i o n  advance when th e  1 0 .0  p e r  c e n t 
o f  t h e  to p  c lo n es  w ere s e l e c te d .  The c ro s s  Bounty x ND U52U-16R was
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tw ice  aa h igh  i n  u n i ts  ga ined  and p e r  cen t s e le c t io n  advance a s  th e  
c ro ss  Bounty x ND 4524-7R. ND 4524-16R and ND 4524-7R a re  s i s t e r  
s e le c t io n s .  In  c ro s se s  in v o lv in g  the  p a re n t K atahdin c ro sse d  w ith  S a r ly  
Gem, La C hipper, and I r i s h  C obb ler, th e  p ro g en ies  from La C hipper and 
I r i s h  C obbler were h ig h e r th an  Jfiarly Gem in  u n i t s  gained  and p e r  cen t 
s e le c t io n  advance f o r  good tu b e r  appearance*
For many o f th e s e  c h a r a c te r s ,  a  r a th e r  h ig h  e s tim a te d  g e n e tic  
s e le c t io n  advance was found . T h is was p a r t i c u l a r l y  t ru e  f o r  p la n t  
m a tu r ity  and v ig o r .  A lthough v ig o r  and p la n t  m a tu r ity  a re  in f lu e n c e d  
by env ironm ent, th e s e  c h a ra c te rs  would p robab ly  have a  more s ta b le  
e x p re ss io n  from season  to  seaso n . R e su lts  o f  s p e c i f i c  g r a v i ty  t e s t s ,  
which were d i r e c t  m easurem ents, ag reed  w ith  o th e r  w orkers (47 , 5 3 ) . The 
m ost lo g ic a l  rea so n  f o r  th e  r a th e r  h igh  e s t im a te s  f o r  some c h a ra c te rs  
was th e  f a c t  t h a t  th e  c lo n es  were t e s te d  only  once a t  each o f  two 
lo c a t io n s .  T h e re fo re , n o t a l l  o f  th e  v a ria n c e  a t t r ib u te d  to  c lo n e s  i s  
expected  to  be g e n e t ic .  P la is te d  (53) i l l u s t r a t e d  th e  e f f e c t  o f vary ing  
numbers o f  v a r i e t i e s ,  lo c a t io n s ,  and y e a rs  on average  g e n e tic  advance.
He p o in te d  o u t t h a t ,  r e g a rd le s s  o f th e  e f f ic ie n c y  f ig u re s  i n  fa v o r  o f 
s in g le  r e p l i c a t io n  w ith  more lo c a t io n s  and y e a r s ,  th e  f l e x i b i l i t y  and 
a b i l i t y  o f th e  d a ta  would be g r e a t e r  where th e re  i s  more th a n  one r e p l i ­
c a t io n  a t  a  lo c a t io n .  He f u r th e r  p o in te d  o u t t h a t  more th a n  one r e p l i ­
c a t io n  would more th a n  repay  th e  a d d i t io n a l  e f f o r t  in v o lv e d .
H e r i t a b i l i ty  e s t im a te s  and expected  g e n e t ic  advance have been 
re p o r te d  fo r  s e v e ra l  o th e r  a se x u a lly  produced c ro p s . K e lle r  and L ikens 
(36) found expec ted  g a in s  to  v a ry  from  1 4 .0  to  6 1 .0  per c en t f o r  s e v e ra l  
c h a ra c te r s  a s s o c ia te d  w ith  hops, Humulus lu p u lu s  L. T h e ir  d a ta  were 
computed on a s in g le  and r e p l ic a te d  p lo t  b a s i s .
DISCUSSION
ile search  has shown t h a t  environm ent nas a  d e f in i te  e f f e c t  on th e  
g e n e tic  b eh av io r o f  c e r t a in  c h a ra c te r s  found i n  th e  I r i s n  p o ta to .  The 
fo rc e s  o f  environm ent o f te n  i n t e r f e r e  w ith  th e  g e n e t ic  e x p re s s io n  o f  
c h a ra c te rs  so  a s  to  produce a phenotype th a t  i s  not n e c e s s a r i ly  in d ic ­
a t iv e  o f  th e  genotype. S tevenson  e t  a l .  (70) s t a t e :
I f  i t  were no t fo r  en v iro n m en ta l e f f e c t s  o r i f  a l l  p o ta to e s  were 
grown under th e  same env ironm ent, i t  would be  easy  to  name v a r i ­
e t i e s  most s u i t a b le  f o r  v a rio u s  methods o f cook ing , such as 
b ak in g , b o i l in g ,  ch ipp ing  o r fren c h  f ry in g .
However, even though environm ent does have an e f f e c t  on th e  
e x p re ss io n  o f  most c h a r a c te r s ,  th e  r e le a s e  o f new p o ta to  v a r i e t i e s  w ith  
w ider a d a p ta t io n  in d ic a te s  th a t  p ro g re ss  has been made in  overcom ing 
some degree  o f  en v iro n m en ta l e f f e c t .  A lla rd  (U) r e p o r t s  t h a t  p la n t  
b re e d e rs  have long oeen aware t h a t  phenotype resp o n se  to  th e  change of 
environm ent i s  not th e  same f o r  a l l  genotypes and th e y  g e n e ra l ly  a cc ep t 
th e  prem ise  th a t  th e  in te r p la y  betw een genotype and environm ent has i t s  
b a s is  in  th e  b io c h e m is try  and b io p h y s ic s  o f developm ent. However, 
numerous s tu d ie s  o f  developm ent a t  th e  m o lecu la r and h ig h e r  le v e ls  o f  
o rg a n iz a t io n  have le d  to  few b a s ic  p r in c ip le s  wnich have been  p a r t i c u ­
l a r l y  b e n e f i c i a l  to  p la n t  b re e d e rs  ( U ).
A d ap ta tio n  t r i a l s  a t  th e  s t a t e  and r e g io n a l  l e v e l  have been  
conducted to  s tu d y  th e  resp o n se  o f  c e r t a in  v a r i e t i e s  over  a  wide range  
o f  en v iro n m en ta l c o n d it io n s .  These t r i a l s  have been  b e n e f i c i a l ,  b u t 
th ey  have added l i t t l e  in fo rm a tio n  re g a rd in g  th e  h e r i t a b i l i t y  and a s s o c i ­
a t io n  o f c e r ta in  c h a r a c te r s .
A ccording to  S tevenson  and Whitman (7 2 ) , i t  i s  d e s i r a b le  from  a
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p l a n t  b r e e d i n g  s t a n d p o i n t  t o  know how much a  c l o n a l  l i n e  w i l l  v a r y  i n  
q u a l i t y  a n d  s p e c i f i c  g r a v i t y  when g row n  u n d e r  c o n d i t i o n s  fo u n d  i n  
v a r i o u s  p o t a t o - g r o w i n g  s e c t i o n s  i n  t h e  U n i te d  S t a t e s  an d  t o  d e t e r m i n e ,  
i f  p o s s i b l e ,  w h e t h e r  some v a r i e t i e s  a r e  m ore r e s i s t a n t  t o  e n v i r o n m e n t a l  
c h a n g e s  t h a n  o t h e r s .  I f  a  w i d e l y  a d a p t e d  v a r i e t y  c a n  b e  d e v e l o p e d ,  th e  
a s e x u a l  n a t u r e  o f  r e p r o d u c t i o n  fo u n d  i n  t h e  p o t a t o  w o u ld  l e a d  t o  p e r p e t u ­
a t i n g  t h i s  v a r i e t y  w i t h  g r e a t  p r e c i s i o n .  T h i s  c a n  be  a  g r e a t  a d v a n t a g e  
a s  a n y  new r e c o m b i n a t i o n s  o f  g e n e t i c  f a c t o r s  w h ich  p r o d u c e  s u p e r i o r  
g e n o t y p e s  c a n  b e  u t i l i z e d  t h r o u g h  c l o n a l  p r o p a g a t i o n ,  i r r e s p e c t i v e  o f  
t h e  am oun t o f  h e t e r o z y g o s i t y  p r e s e n t .
Like most o th e r  c ro p s , s e le c t io n  o f  s u p e r io r  c lones i n  a g e n e t i ­
c a l ly  based  p o p u la tio n  i s  th e  p r in c ip a l  p rocedure  used by a l l  p o ta to  
b re e d e rs , r e g a rd le s s  o f th e  b reed ing  method used . Any b reed in g  program 
i s  most e f f i c i e n t  when s e le c t io n  and e v a lu a tio n  o f progeny and p a re n ta l  
m a te r ia l  can be accom plished in  e a r ly  g e n e ra tio n s . To m easure the 
e f f ic ie n c y  of s e le c t io n  in  an a se x u a lly  propagated  c ro p , s t a t i s t i c i a n s  
have designed  a method r e f e r r e d  to  a s  h e r i t a b i l i t y  in  th e  broad sense o r 
c lo n a l r e p e a t a b i l i ty  (29 , 3 0 ) .
A ccording to  Hanson (2 9 ) , th e  concept o f h e r i t a b i l i t y  o r ig in a te d  
a s  an a ttem p t to  d e sc r ib e  w hether d i f f e r e n c e s  a c tu a l ly  observed  between 
in d iv id u a ls  a ro se  from the  d if f e r e n c e s  i n  g e n e tic  make-up betw een th e  
in d iv id u a ls  o r r e s u l te d  from d i f f e r e n t  env ironm en ta l fo rc e s .  As a  
g e n e tic  p a ram ete r, h e r i t a b i l i t y  i s  a p re d ic t io n  o f th e  b reed in g  value 
based on phenotypic m easurem ents. In  a s e x u a lly  p ropagated  c ro p s , 
s e le c t io n  o f  s u p e r io r  genotypes fo r  v e g e ta t iv e  p ro p a g a tio n  in  succeed ing  
y e a rs  can be based on th e  e n t i r e  g e n e tic  make-up o f an  in d iv id u a l .
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F avorab le  a d d i t iv e  dominance o r e p i s t a t i c  gene com binations can  be 
s e le c te d  and p ro p ag a ted . H e r i t a b i l i t y  i n  th e  broad  sense  o r th e  r a t i o  
o f t o t a l  g e n e tic  v a r ia t io n  to  t o t a l  pheno typ ic  v a r i a t i o n  can, th e r e f o r e ,  
be used as a  m easure o f s e le c t io n  e f f ic ie n c y .  I f  h e r i t a b i l i t y  e s t im a te s  
a re  h ig h , t h i s  would su g g est th a t  c o n s id e ra b le  p ro g re ss  can be made by 
in d iv id u a l  p la n t  s e le c t io n  i n  e a r ly  c lo n a l  g e n e ra t io n s . Knowledge o f 
h e r i t a b i l i t y  f o r  th e  c h a ra c te r s  i n  q u e s tio n  o b ta in ed  from progeny te s te d  
under wide en v iro n m en ta l c o n d itio n s  would r e s u l t  i n  a s u b s ta n t ia l  sav ing  
o f tim e and money. I f  s e le c t io n  can be made e f f i c i e n t l y ,  th e  e lim in a ­
t io n  o f  u n d e s ira b le  p a re n ts  can be made i n  e a r ly  s ta g e s  o f the  b ree d in g  
program . Most b ree d in g  program s have a p o p u la tio n  l im i ta t io n  and the  
e l im in a tio n  o f u n d esirab le  m a te r ia l  w i l l  in c re a s e  th e  chances o f  f in d in g  
d e s i r a b le  c lo n e s . To com plete ly  se p a ra te  th e  components o f th e  r a t i o  
o f  t o t a l  g e n e t ic  v a ria n ce  to  t o t a l  phenotyp ic  v a ria n c e  i3  p ro b ab ly  not 
p o s s ib le ,  a lth o u g h  i t  i s  p o s s ib le  to  e s tim a te  them w ith in  a  c e r t a in  
l i m i t  o f  e r r o r .
Hanson (29) p o in ts  ou t t h a t  h e r i t a b i l i t y  s ta te m e n ts  w i l l  depend 
upon th e  r e s t r i c t i o n s  one w ishes to  make f o r  th e  d e f in i t i o n  and th e  
b a s is  ( re fe re n c e  u n i t )  which one u ses to  d e te rm in e  a m easure. For 
q u a n t i t a t iv e  m easure i n  p la n t  b ree d in g , a  p la n t ,  a  f i e l d  p lo t ,  r e p l i ­
c a te d  f i e l d  p lo t  in  one env ironm ent, o r  r e p l ic a te d  f i e l d  p lo ts  i n  two 
o r  more environm ents may be c o n sid e re d  as th e  r e fe re n c e  u n it  and each 
re fe re n c e  u n i t  would a f f e c t  th e  h e r i t a b i l i t y  s ta te m e n t made. He 
f u r th e r  p o in ts  ou t t h a t ,  w h ile  h e r i t a b i l i t y  on a  s in g le - p lo t  b a s is  has 
l im ite d  u t i l i t y ,  h e r i t a b i l i t y  based  on la r g e  sam ples o f  environm ents 
and p lo ts  w ith in  environm ents would a ls o  have l im i te d  u t i l i t y ,  s in c e
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h e r i t a b i l i t y  f o r  any c h a rac te r  can be made as c lose  to  1 .0  as d e s ired  by 
un lim ited  sam pling, H e r i ta b i l i ty  estim ates fo r  c e r ta in  ch a rac te rs  have 
been made on se v e ra l a sex u a lly  propagated crops ( 30; 36).
E stim ating th e  s e le c tio n  advance fo r  fu tu re  c lo n a l generations i s  
a lso  b e n e f ic ia l  in  ev a lu a tin g  th e  e ff ic ie n c y  of a breeding program. 
S e lec tio n  o f  su p e rio r  genotypes f o r  fu r th e r  asexual p ropagation  and 
te s t in g  i s  based on phenotypic ev a lu a tio n  in  e a r ly  c lo n a l g en era tio n s . 
Since the s e le c te d  in d iv id u a l i t s e l f  i s  propagated in  fu tu re  c lo n a l 
gen era tio n s, favo rab le  a d d itiv e  dominance and e p is ta t i c  gene combinations 
co n tr ib u te  to  the  c lo n a l value of the genotype. The expected c lo n a l 
advance i s ,  th e re fo re , th e  product o f  th e  s e le c tio n  d i f f e r e n t i a l  and an 
estim ate  of h e r i t a b i l i t y  in  the broad sen se . For a 10.0 per cen t 
s e le c tio n  o f the  most d e s ira b le  clones in  a given pop u la tio n , s e le c tio n  
d i f f e r e n t i a l  has a value o f 1.76 (3 ) .
Nine c ro s s -p o ll in a tio n s  and one s e l f - p o l l in a t io n  rep re sen tin g  710 
clones were used in  th e  p resen t study . A ll progeny l in e s  except Pedigree 
No, 6, Katahdin s e lfe d , had s u f f i c i e n t  popu lation  s iz e  to  make r e l ia b le  
s t a t i s t i c a l  measurements. H e r i ta b i l i ty  e stim ates  were not made on th e  
progeny l in e  rep re se n tin g  Katahdin s e lfe d ,
C lim ato log ica l d a ta  c o lle c te d  fo r  t h i s  study  in d ic a te d  th a t  a l l  
c lo n a l generations were grown under d if f e r e n t  environm ental c o n d itio n s . 
According to  Comstock and Moll (2 0 ), environments a re  recognized a s  being 
e i th e r  micro o r macro environm ents. T heir d e sc r ip tio n  o f environments 
would in f e r  th a t  th e se  t e s t s  were conducted under the  extremes o f  a macro 
environm ent.
The 1962 season in  North Dakota was marked by very wet weather a t
p la n t in g  tim e  and d u rin g  th e  l a t e r  p a r t  o f  th e  se a so n . Tem peratures 
were below norm al e a r ly  in  th e  season  b u t  were f a i r l y  warm a t  h a rv e s t  
t im e . A somewhat d i f f e r e n t  environm ent o ccu rred  in  North Dakota d u rin g  
1963 which had m o dera te ly  high  tem p era tu re s  th ro u g h o u t most o f th e  
seaso n  and much below se a so n a l r a i n f a l l  (7 .0 3  in c h e s ) .  The s p r in g  
seaso n  in  L o u is ian a  w ith  o n ly  7.7U in ch es  o f r a in  was rec o rd ed  a s  one 
o f  th e  d r i e s t  seasons on re c o rd . High tem p era tu re s  p re v a i le d  in  
L o u is ian a  d u rin g  th e  l a t e r  p a r t  o f  th e  se a so n .
I n  th e  p re s e n t  s tu d y , th e  lower s p e c i f i c  g r a v i ty  o f  tu b e rs  from  
p a re n ta l  v a r i e t i e s  and t h e i r  p ro g en ie s  grown i n  th e  South was e x p ec te d . 
R esearch  has shown t h a t  when mean m onthly tem p era tu re s  exceed 70° F. th e  
accum ulation  o f  ca rb o h y d ra te s  i n  tu b e r s  i s  r e ta r d e d ,  th u s  c au sin g  low er 
s p e c i f i c  g ra v i ty  (U 9). I n  a d d i t io n ,  n ig h t  tem p era tu re  which d id  n o t go 
below 60° F . f o r  fo u r  weeks p r io r  to  h a rv e s t  encouraged h ig h  r e s p i r a t io n  
so as to  low er s p e c i f i c  g r a v i ty .
I n  c o n tr a s t  to  c o n d itio n s  in  L o u is ia n a , d e c re a s in g  tem p era tu re s  
p r io r  to  h a rv e s t  in  N orth Dakota d u rin g  th e  f a l l  o f 1963 r e s u l te d  i n  
h ig h e r s p e c i f i c  g ra v i ty  a t  t h i s  lo c a t io n .  T a lb u r t  and Sm ith (7U) have 
shown t h a t  coo l tem p era tu re s  l a t e  i n  th e  seaso n  r e s u l t  in  p o ta to e s  w ith  
h ig h e r  s p e c i f i c  g ra v i ty  th a n  th o se  produced a t  h ign  te m p e ra tu re s . T his 
a g a in  i s  th e  r e s u l t  o f  a  sm a lle r  lo s s  o f  ca rb o h y d ra te s  by  r e s p i r a t io n  
when p o ta to e s  a re  grown a t  c o o le r  te m p e ra tu re s . The h igh  r a i n f a l l  and 
low te m p e ra tu re s  d u rin g  most o f  th e  seaso n  were f a c to r s  c o n tr ib u t in g  to  
a  somewhat low er s p e c i f i c  g r a v i ty  i n  North Dakota d u rin g  1962.
For th e  most p a r t ,  second c lo n a l  g e n e ra tio n  progeny means were 
c o n s id e re d  th e  most a c c u ra te  measurements i n  t h i s  s tu d y . A c o r r e la t io n
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c o e f f ic ie n t  o f  +.3US1 was found f o r  s p e c i f ic  g r a v i ty  o f second c lo n a l  
g e n e ra tio n s  grown in  L ou isiana  and North Dakota. The c o r r e la t io n  
c o e f f ic ie n ts  o f  +.U08U f o r  f i r s t  c lo n a l  g e n e ra tio n s  grown i n  North Dakota 
and second c lo n a l g en e ra tio n s  grown in  L o u is ian a , and +.3392 f o r  f i r s t  
c lo n a l  g e n e ra tio n s  grown in  North Dakota and second c lo n a l  g en e ra tio n s  
grown in  North Dakota showed th a t  th ese  g e n e ra tio n s  were a ls o  p o s i t iv e ly  
c o r r e la te d  fo r  s p e c if ic  g r a v i ty .  A c tu a lly , th e re  was very l i t t l e  d i f f e r ­
ence between c o r r e la t io n  c o e f f ic ie n ts  o f  a l l  th re e  c lo n a l  t e s t s ;  however, 
s e le c t io n  f o r  s p e c i f ic  g ra v i ty  and o th e r  c h a ra c te rs  in  th e  f i r s t  c lo n a l 
g e n e ra tio n  would be doubted by many. S e v e ra l re s e a rc h e rs  a re  o f  th e  
o p in io n  th a t  th e re  a re  to o  many v a r ia b le s  such as s e e d lin g  tu b e r  s i z e ,  
r e s t  p e r io d , and se e d lin g  v ig o r t h a t  w i l l  a f f e c t  e i th e r  fav o ra b le  o r 
u n favo rab le  c h a ra c te r  s e le c t io n  in  th e  f i r s t  genera tion*
In  s p i te  o f th e se  assum ptions, d a ta  showed th a t  some degree o f  
r e l i a b i l i t y  can be ach ieved  fo r  c e r t a in  p a re n ta l  recom binations when 
s e le c te d  in  e i th e r  th e  f i r s t  o r  second c lo n a l  g e n e ra tio n . I t  should  be 
n o ted  th a t  i t  i s  th e  common p ra c t ic e  fo r  most p o ta to  b re e d e rs  to  
e v a lu a te  and sc reen  progeny fo r  s p e c i f ic  g ra v i ty  and o th e r  c h a ra c te rs  
in  th e  f i r s t  c lo n a l g e n e ra tio n .
Although c o r r e la t io n  c o e f f ic ie n ts  were no t e x c e p tio n a lly  h ig h  fo r  
any c lo n a l  g e n e ra tio n , i t  was i n te r e s t in g  to  f in d  th a t  th e  h ig h e s t c o r­
r e l a t i o n  c o e f f ic ie n t  o f a l l  c lo n a l  t e s t s  was found f o r  f i r s t  c lo n a l  
g e n e ra tio n s  grown in  North Dakota and second c lo n a l g e n e ra tio n s  grown in  
L ouisiana* I t  would be rea so n ab le  to  assume th a t  th e  in te r a c t io n  o f 
environm ent and h e re d i ta ry  f a c to r s  was i n  c lo s e r  p ro x im ity  in  th e se  
c lo n a l g e n e ra tio n s , th u s  causing  t h i s  a s s o c ia t io n .  R e su lts  from  th e se
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c o r r e la t io n  c o e f f ic ie n t s  would in d ic a te  th a t  th e  f i r s t  c lo n a l  g e n e ra tio n  
rea d in g  p lu s  th e  second c lo n a l  g e n e ra tio n  read in g  f o r  s p e c i f ic  g ra v ity  
would be s u f f i c i e n t  to  e s t a b l i s h  progeny va lues f o r  t h i s  c h a r a c te r .
The s e g re g a tio n  in  p ro g en ies  from  a l l  v a r i e t i e s  used  as p a re n ts  
showed th a t  th e y  were h ig h ly  he te rozygous f o r  th e  c h a ra c te r  s p e c i f i c  
g r a v i ty .  S e g reg a tio n  was high f o r  p ro g en ies  grown a t  a l l  lo c a tio n s}  
however, depending on th e  p a re n ts  u se d , c e r t a in  reco m b in a tio n s showed a 
h ig h e r  deg ree  o f  s e g re g a t io n . In  most c a se s , th e  c ro s se s  betw een low x 
medium o r low x h igh  s p e c i f ic  g r a v i ty  p a re n ts  produced th e  h ig h e s t  
deg ree  o f  s e g re g a t io n . S im ila r  r e s u l t s  were found by Akeley and 
S tevenson  ( 2 ) .
The c ro s s  o f bounty  x ND U52U-16K showed what m ight be ex p ec ted  
when two p a re n ts ,  b o th  having  h igh  s p e c i f i c  g r a v i ty ,  were c ro s se d . 
A lthough o th e r  recom bina tions produced c lo n es  th a t  were a s  h ig h  in  
s p e c i f i c  g r a v i ty ,  t h i s  reco m b in a tio n  produced a c o n s is te n t  number o f  
c lo n es t h a t  were h ig h  a t  b o th  lo c a t io n s .  The c ro s se s  La C hipper x 
K atahdin  and I r i s h  Cobbler x K atahd in , which re p re s e n te d  a h ig h  x medium 
com bination , a ls o  produced a  f a i r l y  h ig h  number o f  c lo n es  t h a t  were h igh  
in  s p e c i f i c  g ra v i ty  a t  b o th  lo c a t io n s .  The c ro s s  Bounty x ND U52U-7R 
showed th e  amount o f s e g re g a tio n  and g e n e t ic  in f lu e n c e  t h a t  m ight be 
ex p ec ted  when two v a r i e t i e s ,  one h ig h  and th e  o th e r  low in  s p e c i f i c  
g r a v i ty ,  a re  c ro s se d . In  t h i s  p a r t i c u l a r  c ro s s ,  a  h igh  degree  o f 
se g re g a tio n  was e v id e n t;  however, t h e  m a jo r ity  o f c lones were low i n  
s p e c i f i c  g r a v i ty .  F u r th e r  ev idence  o f  g e n e tic  in f lu e n c e  and s e g re g a t io n  
was found i n  th e  c ro s s  Catoosa x N orland, two low s p e c i f i c  g ra v i ty  
p a re n ts ,  which produced th e  most c lones re p re s e n te d  i n  th e  low s p e c i f i c
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gravity c la ss when grown a t both locations*
H e r i t a b i l i t y  i n  th e  b ro ad  s e n se  f o r  progeny grown as f i r s t  c lo n a l  
g e n e ra tio n s  i n  N orth Dakota and second  c lo n a l  g e n e ra tio n s  i n  L o u is ia n a  
and N orth  Dakota was ve ry  b e n e f i c i a l  i n  e s t a b l i s h in g  s e l e c t i o n  e f f i c ie n c y  
and p a r e n ta l  w orth  f o r  s p e c i f i c  g r a v i ty .  E s tim a te s  o f  h e r i t a b i l i t y  f o r  
most a l l  p a r e n ta l  re c o m b in a tio n s  showed q u i te  s im i la r  a s s o c ia t io n s  i n  
each  c lo n a l  t e s t .  I n t e r a c t io n  o f  genotype w ith  any e n v iro n m en ta l sou rce  
o f  v a ria n c e  w i l l  reduce  h e r i t a b i l i t y  e s t im a te s  and s e l e c t i o n  ad v an ce .
Of th e  fo u r  p a re n ts  c ro s se d  w ith  K a tah d in , th e  v a r i e ty  W hite Hose showed 
a r e l a t i v e l y  low h e r i t a b i l i t y  i n  a l l  th r e e  c lo n a l  t e s t s .  I n  most c a s e s ,  
progeny from  th e  o th e r  c o m b in a tio n s , E a rly  Uem x  K atah d in , La C hipper x 
K a tah d in , and I r i s h  Cobbler x K a tah d in , p roduced  h e r i t a b i l i t y  e s t im a te s  
t h a t  were q u i te  h ig h  and uniform  in  a l l  c lo n a l  t e s t s .  Progeny from  
o th e r  p a r e n ta l  reco m b in a tio n s  grown in  th e  th r e e  c lo n a l  t e s t s  showed 
s im i la r  h e r i t a b i l i t y  e s t im a te s ,  e x c e p t th e  c ro s s e s  Bounty x  ND U52U-16R 
and Bounty x  ND IS2U-7R.
One o f  th e  m ost im p o rta n t f a c to r s  a s s o c ia te d  w ith  h e r i t a b i l i t y  
was t h a t  when c e r t a i n  p a re n ts  were u sed  th e y  were v e ry  s p e c i f i c  i n  
t r a n s m i t t in g  h e r i t a b le  c h a r a c te r s .  High s p e c i f i c  g r a v i ty  p a re n ts  
g e n e ra l ly  produced  th e  h ig h e s t  h e r i t a b i l i t y  e s t im a te s ,  in d ic a t in g  th a t  
a  g r e a te r  p e rc e n ta g e  o f  v a r ia n c e  was g e n e t ic a l ly  c o n tr o l le d  and a  l e s s e r  
p e rc en ta g e  was c o n tr o l le d  by en v iro n m en t. The b e s t  exam ples w ere th e  
c ro s s e s  in v o lv in g  Bounty x  ND U52U-16R, Bounty x  ND U52U-7H, and Bounty 
x V ik ing . The h ig h e s t  h e r i t a b i l i t y  e s t im a te s  were fo u n d  when Bounty was 
c ro s se d  w ith  th e  two h ig h  s p e c i f i c  g r a v i ty  p a r e n t s ,  ND I4S 2U -I6R and 
V ik in g .
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The ex p ec ted  g e n e t ic  s e l e c t io n  advance in  th e  nex t g e n e ra tio n  
p r e d ic ts  th e  pheno typ ic  s u p e r io r i ty  o f  th e  s e le c te d  p o r t io n  o f th e  
p o p u la tio n . The ex p ec ted  g e n e t ic  s e l e c t io n  advance f o r  s p e c i f ic  g r a v i ty  
in d ic a te d  th a t  i f  h igh  s p e c i f i c  g r a v i ty  p a re n ts  were used , a  n ig h  p e r  
c e n t s e l e c t io n  advance was o b ta in e d .
Under th e se  c irc u m s ta n c e s , i t  would seem lo g ic a l  to  use o n ly  
p a re n ts  w ith  h igh  s p e c i f i c  g r a v i ty  i f  one ex p ec ts  to  develop  v a r i e t i e s  
t h a t  a re  h ig h  in  s p e c i f i c  g r a v i ty  i n  b o th  L o u is ian a  and North D akota.
When h ig h  s p e c i f ic  g r a v i ty  i s  th e  c r i t e r i o n ,  th e  p o ta to  b re e d e r  shou ld  
a ttem p t to  use cy c le  p h en o ty p ic  r e c u r r e n t  s e le c t io n  designed  by P la is te d  
and P e te rso n  (5U)» I t  would b e  q u i te  obvious t h a t  p a re n t v a r i e t i e s  l ik e  
W hite Hose and ND U52U-7R would be excluded  from t h i s  ty p e  o f a program .
A lthough h e r i t a b i l i t y  e s t im a te s  and s e l e c t i o n  advance were 
g r e a te r  when bo th  p a re n ts  had h ig h  s p e c i f i c  g r a v i ty ,  c e r t a i n  p a re n ts  
r e p re s e n tin g  low x medium and high  x medium a ls o  had f a i r l y  h igh  e s t i ­
m ates o f h e r i t a b i l i t y  and s e le c t io n  advance. G enetic make-up o f such 
reco m b in a tio n s was su ch  th a t  progeny from  tn e s e  c ro s se s  was l e s s  a f f e c te d  
by th e  fo rc e s  o f  env ironm ent. H e r i t a b i l i ty  e s t im a te s  in  th e  broad sense 
m ere ly  in d ic a te  th e  r e l a t i o n  o f  v a ria n c e  due to  phenotype to  th e  t o t a l  
g e n e tic  v a r ia n c e . I f  th e  p e rc en ta g e  i s  l a r g e ,  th e  c h a ra c te r  i s  h ig h ly  
h e r i t a b l e ;  i f  i t  i s  s m a ll ,  environm ent i s  c o rre sp o n d in g ly  prom inent i n  
c h a ra c te r  e x p re s s io n .
R e su lts  from  th e  d a ta  concern ing  s p e c i f ic  g r a v i ty  showed t h a t  
th e re  were d i f f e r e n c e s  among progeny t h a t  r e f l e c t e d  s u p e r io r i ty  o f  
p a re n ta l  rec o m b in a tio n s . The h ig h e r  h e r i t a b i l i t y  e s tim a te s  were sub­
s t a n t i a t e d  by th e  h ig h e r  c o r r e l a t io n  c o e f f i c i e n t s  f o r  s p e c i f i c  g r a v i ty
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o f  c e r t a in  progeny grown in  L o u is ian a  and North D akota. In  g e n e ra l ,  
h e r i t a b i l i t y  e s t im a te s  were q u ite  com parable to  th o se  found by o th e r  
r e s e a r c h e r s .  Cunningham (21) found h e r i t a b i l i t y  e s t im a te s  f o r  s p e c i f i c  
g ra v i ty  to  vary  from  21 .0  to  6U.0 p e r c e n t wnen b ased  on th e  means o f 
in d iv id u a l  v a r i e t i e s  grown in  W isconsin  f o r  two y e a r s .  One m ight assume 
th a t  i f  v a lu es  f o r  h e r i t a b i l i t y  e s tim a te s  a re  over 5 0 .0  p e r  c e n t , 
p ro g re ss  f o r  s e le c t io n  o f  s p e c i f i c  g ra v ity  can be made in  e i t h e r  
L ou is iana  o r N orth D akota. T h is in fo rm a tio n  a lone  i s  encourag ing  to  th e  
p la n t  b re e d e r , s in c e  i t  in d ic a te s  s e l e c t io n  e f f ic ie n c y  and th e  p o s s i ­
b i l i t y  t h a t  e x i s t s  w ith in  s e v e r a l  d i f f e r e n t  p a r e n ta l  recom binations*
The s ig n i f ic a n t  n e g a tiv e  c o r r e l a t io n  c o e f f i c i e n t  found betw een 
m a tu r ity  and s p e c i f i c  g r a v i ty  o f  most a l l  progeny l in e s  grown i n  
L o u is ian a  was i n t e r e s t i n g .  The e f f e c t  o f  s e l e c t i o n  fo r  one c h a ra c te r  on 
th e  e x p re ss io n  o f  a  second c h a ra c te r  i s  o f  i n t e r e s t  f o r  g e n e tic  im prove­
ment o f  a l l  c ro p s . This a s s o c ia t io n  betw een s p e c i f i c  g ra v i ty  and 
m a tu r ity  m ight be  u t i l i z e d  in  a b re e d in g  program as an e f f e c t iv e  te c h ­
nique i n  s e l e c t in g  f o r  h igh  s p e c i f i c  g ra v i ty  v a r i e t i e s  ad ap ted  to  
c o n d itio n s  i n  L o u is ia n a . Data from  t h i s  study  in d ic a te d  th a t  t n i s  
tech n iq u e  would not be a p p lic a b le  f o r  progeny grown in  N orth D akota, as 
th e re  was l i t t l e  o r  no c o r r e l a t io n  betw een s p e c i f i c  g r a v i ty  and m a tu r ity  
o f c lo n es  t e s t e d . a t  t h i s  lo c a t io n .
Low and v a r ia b le  c o r r e la t io n  c o e f f i c i e n t s  were found betw een 
s p e c i f i c  g ra v i ty  and v ig o r  f o r  p rogeny  t e s t e d  in  b o th  L o u is ia n a  and N orth 
D akota. The on ly  progeny showing a s s o c ia t io n  betw een th e se  two c h a rac ­
t e r s  was th e  progeny l in e s  grown in  L o u is ian a  from the  th r e e  Bounty 
c ro s se s  and N orland c ro sse d  w ith  TL 1859. A s i g n i f i c a n t  n e g a tiv e
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c o r r e la t io n  c o e f f ic ie n t  was found fo r  th e se  fo u r  progeny l in e s  in d ic a t in g  
th a t  th e  l e a s t  v igorous c lo nes produced th e  h ig h e s t  s p e c i f ic  g r a v i ty .  
S ince a t  l e a s t  one o r  more o f  th e  p a re n ts  in v o lv ed  in  th e se  c ro s se s  
e x p re ssed  h igh  v ig o r and l a t e  m a tu r ity , th e s e  p a r e n ta l  c h a ra c te rs  
c e r t a in ly  must have been  c o n tr ib u t in g  f a c to r s  f o r  th e  a s s o c ia t io n  o f  
s p e c i f i c  g ra v ity  and v ig o r . A pparen tly  th e  h ig h ly  v ig o ro u s , l a t e -  
m atu ring  c lones c o u ld  no t m anufacture  and s to r e  ca rb o h y d ra te s  as 
e f f i c i e n t l y  as th e  e a r ly -m a tu r in g , l e s s  v igo rous c lo n e s  i n  th e s e  fo u r  
c ro s s e s .
A lthough m a tu rity  was p o s i t iv e ly  c o r r e la te d  betw een progeny grown 
in  L ou is iana  and N orth D akota, d a ta  c o l le c te d  on p la n t  m a tu r ity  showed 
t h a t  c lo n es  m atured e a r l i e r  under t h e  s h o r te r  days in  L o u is ia n a . These 
r e s u l t s  a re  com parable to  th o se  found by M ille r  and McGoldrick (U $).
The o v e r a l l  progeny mean f o r  c lones grown i n  L o u is ian a  was ap p ro x im ate ly  
.5  r a t in g  p o in ts  e a r l i e r  th a n  s im i la r  c lo n es  grown i n  North D akota. This 
would mean th a t  f o r  th e  same number o f growing days c lo n es  grown in  
L o u is ian a  m atured ap p rox im ate ly  t e n  days e a r l i e r .
The s e g re g a t io n  in  p ro g en ie s  from a l l  v a r i e t i e s  used a s  p a re n ts  
showed t h a t  th ey  were h ig h ly  hete rozygous fo r  m a tu r i ty . S e v e ra l 
in v e s t ig a to r s  have r e p o r te d  t h a t  p o ta to  v a r i e t i e s  a re  he terozygous f o r  
* m a tu r ity  and th a t  t h i s  c h a ra c te r  i s  c o n tro l le d  by many g en es . Data from 
t h i s  s tudy  would be in c l in e d  to  su p p o rt such an h y p o th e s is .  When com­
p a rin g  th e  c ro s se s  o f  th e  com binations e a r ly  x medium and l a t e  x  l a t e ,  
an a lm ost e q u a l number o f  c lo n es were re p re s e n te d  in  th e  e a r ly  and 
medium m a tu rity  c la s s ;  however, th e  e a r ly  x medium c ro s se s  had a  l a r g e r  
r e p r e s e n ta t io n  in  th e  very  e a r ly  c la s s  and th e  l a t e  x l a t e  c ro s s e s  were
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in c l in e d  to  have more progeny in  th e  very l a t e  c la s s ,  d en e tic  in flu e n ce  
f o r  th e  e a rly -m a tu rin g  v a r ie ty  Norland was q u ite  ev iden t as b o th  c ro sse s  
in v o lv in g  t h i s  p a re n t re p re se n te d  th e  h i 'n e s t  number of c lones i n  th e  
very e a r ly  and e a r ly  c la s s e s .  The f in d in g s  were a p p lic a b le  to  co n d itio n s  
in  e i t h e r  L ou isiana  o r  North Dakota; however, environm ent was such in  
L ou isiana  th a t  c lo n es  m atured e a r l i e r .
H e r i t a b i l i ty  e s tim a te s  in d ic a te d  th a t  m a tu rity  was h ig h ly  h e r i t ­
a b le  and th a t  s e le c t io n  could  be made f o r  t h i s  c h a ra c te r  re g a rd le s s  o f 
w hether the  p ro g en ies  were grown i n  L ou isiana  o r North D akota. Most 
progeny l in e s  showed q u ite  h ig h  h e r i t a b i l i t y  e s t im a te s .
When comparing th e  r e s u l t s  from d a ta  c o lle c te d  in  L ouisiana and 
North Dakota, c lones grown under th e  long days i n  North Dakota exp ressed  
more v ig o r and had more v e g e ta tiv e  grow th. Progeny t e s te d  in  L ou isiana  
and North Dakota showed a p o s i t iv e  c o r r e la t io n  c o e f f ic ie n t  f o r  v ig o r; 
however, th e se  c o r r e la t io n s  were s l i g h t l y  low er than  th a t  fo r  m a tu r ity .
Like many o th e r  c h a ra c te r s ,  the in te r p la y  o f h e re d i ty  and en v iro n ­
ment was a lso  dem onstrated  by i t s  e f f e c t  on th e  e x p re ss io n  o f v ig o r . 
However, c e r ta in  p a re n ta l  com binations had a marked in f lu e n c e  on whether 
th e  clone had low o r  h igh  v ig o r . P a re n ta l  v a r ie t i e s  having high v igo r 
such as th o se  re p re se n te d  in  th e  c ro sse s  Bounty x H52U-16R and Bounty x 
ND J452U-7R produced th e  g r e a te s t  number o f  progeny in  th e  very v igorous 
c la s s e s .  S eg reg a tio n  o f  progeny from a l l  c ro s se s  in d ic a te d  th a t  p a re n ts  
were h ig h ly  heterozygous f o r  v ig o r . The p o o res t v ig o r was found in  th e  
two c ro sse s  having th e  p a re n ta l  v a r ie ty  N orland. In  L o u is ian a , over 
50 .0  per cen t o f  th e  progeny d e riv ed  from Norland had very  poor v ig o r . 
Poor v ig o r was a lso  found fo r  s im ila r  progeny t e s te d  in  North Dakota.
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The poor v ig o r  o f  th e  v a r i e ty  N orland was a ls o  e x p re sse d  i n  th e  h e r i t ­
a b i l i t y  s t u d i e s .  This was p a r t i c u l a r l y  t r u e  f o r  th e  c ro s s  in v o lv in g  
N orland x C atoosa . The h e r i t a b i l i t y  v a lu e  and th e  p e r  c e n t s e l e c t i o n  
advance would in d ic a te  t n a t ,  i f  th e  p o ta to  b re e d e r  i s  a tte m p tin g  to  
m a in ta in  h igh  v ig o r  i n  h i s  b ree d in g  s to c k s ,  he w ould a v o id  u s in g  p a re n ts  
l ik e  N orland t h a t  have poor com bining a b i l i t y  f o r  v ig o r .
The r e l a t i v e l y  h ig h  c o r r e l a t i o n  c o e f f i c i e n t  f o r  tu b e r  shape when 
c lo n e s  were grown in  L o u is ia n a  and N orth  Dakota in d ic a te d  th a t  t h i s  
c h a r a c te r  was n o t in f lu e n c e d  a s  much by environm ent a s  o th e r  c h a ra c te r s  
s tu d ie d .  I f  a  d i f f e r e n c e  in  th e  progeny mean f o r  tu b e r  shape was n o ted , 
e x p re s s io n  seemed to  be  g r e a te r  f o r  a  more round  shaped  tu b e r  when grown 
in  L o u is ia n a . In  many c a s e s ,  i t  was q u i te  d i f f i c u l t  t o  de te rm ine  th e  
tu b e r  shape c a te g o ry  because  many c lo n e s  m arg ined  i n  th e  “ro u n d , ro u n d - 
oblong o r  ob long -round  c l a s s .  C la s s i f i c a t i o n  o f  ob long  o r  lo n g -sh ap ed  
tu b e rs  was q u i te  d i s t i n c t  w i th in  c la s s e s  and c l a s s i f i c a t i o n  was 
r e l a t i v e l y  e a s y . Very l i t t l e  d i f f e r e n c e  i n  th e  number o f  c lo n e s  r e p r e ­
se n te d  in  th e s e  c la s s e s  was a ls o  n o te d  when p rogeny  was t e s t e d  in  e i t h e r  
L o u is ia n a  o r  N orth  D akota. The h igh  c o r r e l a t io n  c o e f f i c i e n t  in d ic a te d  
t h a t  s e l e c t io n  f o r  shape can be made in  e i t h e r  th e  f i r s t  o r  second  
c lo n a l  g e n e ra t io n  grown i n  e i t h e r  L o u is ia n a  o r  N orth D akota.
S e g re g a tio n  o f  progeny  f o r  tu b e r  shape was found  f o r  most p a r e n ta l  
rec o m b in a tio n s  in d ic a t in g  t h a t  p a re n ts  were h ig h ly  h e te ro zy g o u s f o r  tu b e r  
sh a p e . E a r ly  Gem, an o b lo n g -lo n g  v a r i e ty ,  and W hite R ose, a long  
v a r i e ty ,  were th e  on ly  p a re n ts  to  produce a  h ig h  p e rc e n ta g e  o f  c lo n e s  in  
th e  lo n g  c l a s s .  When b o th  o f  th e s e  p a re n ts  were c ro s se d  w ith  K a tah d in , 
th e y  produced  o v e r o n e -fo u r th  o f  t h e i r  p rogeny  i n  th e  lo n g - tu b e r  c l a s s .
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The two round v a r i e t i e s ,  La Chipper and I r i s h  C obbler, c ro sse d  w ith  
K atandin  produced a h igh  p e rcen tag e  o f  c lones i n  th e  round  c l a s s .  O ther 
reco m b in a tio n s showed a high  degree o f  s e g re g a t io n ;  however, most a l l  
reco m b in a tio n s showed th e  l a r g e s t  r e p r e s e n ta t io n  o f  c lo n es in  th e  oblong 
c l a s s .  C o e f f ic ie n t  o f  v a r i a b i l i t y ,  th e  r a t i o  o f  s ta n d a rd  d e v ia t io n  o f  
th e  sample mean, was found to  be h igh  f o r  most p rogeny .
F or th e  most p a r t ,  tu b e rs  grown in  N orth Dakota had deeper eye 
d ep th  th a n  s im ila r  c lones grown in  L o u is ia n a , ilean progeny r a t in g s  fo r  
eye dep th  in  f i r s t  and  second c lo n a l  g e n e ra tio n s  were p o s i t iv e ly  c o r r e ­
l a te d  fo r  a l l  lo c a t io n s .  The lo w est c o r r e l a t io n  fo r  a l l  t e s t s  was found 
f o r  f i r s t  c lo n a l  g e n e ra tio n s  grown i r  North Dakota and second  c lo n a l  
g e n e ra tio n s  i n  L o u is ia n a . However, c o r r e l a t io n  c o e f f i c i e n t  would in d i ­
c a te  th a t  s e l e c t i o n  cou ld  be made f o r  eye dep th  r e g a rd le s s  o f w hether 
progeny a re  grown in  L o u is ian a  o r  N orth  Dakota and r e g a r d le s s  o f  w hether 
s e l e c t io n  i s  made in  th e  f i r s t  o r  second  c lo n a l  g e n e ra t io n .
A lthough th e  pooled  c o r r e l a t io n  c o e f f i c i e n t  f o r  eye d ep th  o f 
second c lo n a l  g e n e ra tio n s  grown in  L o u is ian a  and North Dakota were 
p o s i t iv e ly  c o r r e la te d ,  d i f f e re n c e s  were no ted  betw een p a re n ta l  recom bi­
n a t io n s .  For exam ple, a  much low er c o r r e l a t io n  c o e f f i c i e n t  was no ted  
f o r  th e  c ro ss  W hite Rose x K atahd in , and th e  th r e e  c ro s se s  having  th e  
p a re n t v a r ie ty  Bounty. Of th e  fo u r  p a re n ts  c ro s se d  w ith  K atahd in , th e  
progeny from  La C hipper x  K atahdin  and I r i s h  C obbler x K atahdin  showed 
th e  h ig h e s t  c o r r e l a t io n  c o e f f i c i e n t .  T h is would in d ic a te  t h a t  g e n e tic  
in f lu e n c e  f o r  eye depth  was more pronounced in  th e  c ro sse s  in v o lv in g  
th e  p a re n ts  I r i s h  Cobbler and La C hipper. S e g re g a tio n  i n  p ro g en ie s  from  
La C hipper and I r i s h  C obbler u sed  a s  p a re n ts  showed t h a t  th e s e  p a re n ts
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were h ig h ly  heterozygous fo r  th e  c h a ra c te r  eye dep th . O ther p a re n ta l  
recom binations showed th e  amount o f  se g re g a tio n  one m ight expect when 
p a re n ts  o f d i f f e r e n t  eye dep th  were used .
E stim a tes  o f h e r i t a b i l i t y  ob ta ined  f o r  most a l l  c ro sse s  in d ic a te d  
th a t  eye dep th  was a h e r i ta b le  c h a ra c te r  and could be r e l i a b ly  s e le c te d . 
Although the  c ro ss  Bounty x  V iking was shown to  produce a  h igh p e r  cen t 
o f progeny rep re se n te d  in  th e  shallow -eye c la s s ,  t h i s  c ro s s  d id  have th e  
lo w est h e r i t a b i l i t y  e s tim a te  and a ls o  th e  low est p e r  cen t s e le c t io n  
advance. Even though t h i s  i s  t r u e ,  s e le c t io n  advance i s  s t i l l  p o ss ib le  
f o r  t h i s  c h a ra c te r . The c o r r e la t io n  c o e f f ic ie n ts  s u b s ta n t ia te d  th e  
h e r i t a b i l i t y  e s tim a te s  showing th a t  c lones d id  no t vary  to g e th e r  and 
th a t  a r e l a t i v e ly  high amount o f environm ental v a rian ce  was p re s e n t .  A 
low er p e r  cen t s e le c t io n  advance would a ls o  be p o ss ib le  i f  the u n it  
g a in  was small and th e  p o p u la tio n  mean was h ig h . Iter c e n t s e le c t io n  
advance i s  a p roduct o f the  s e le c t io n  d i f f e r e n t i a l  and an e s tim a te  of 
h e r i t a b i l i t y  in  the  broad sen se .
The p o s i t iv e  c o r r e la t io n  c o e f f ic ie n t  found between f i r s t  c lo n a l 
g e n e ra tio n  r a t in g s  fo r  tu b e r  appearance to  r a t in g s  o f th e  same c lones 
from th e  second c lo n a l  g e n e ra tio n  grown in  North Dakota and L ouisiana  
th e  fo llow ing  y e a r  showed some r e la t io n s h ip .  However, o f  a l l  th e  
c h a ra c te rs  in c lu d e d  i n  t h i s  s tu d y , tu b e r  appearance expressed  th e  low est 
c o r r e la t io n  between g e n e ra tio n s  and lo c a t io n s .  When comparing the  d a ta  
from progen ies grown as f i r s t  c lo n a l g e n e ra tio n  in  North Dakota to  
second c lo n a l g e n e ra tio n  grown i n  L ou isiana  and North Dakota, a  low 
le v e l  o f a s s o c ia t io n  was found . A pparently  tu b e r  appearance i s  a 
c h a ra c te r  f o r  which one cannot r e l i a b ly  s e le c t  in  th e  f i r s t  c lo n a l
96
g e n e ra tio n . I t  would seem n e ce ssa ry  to  c o n s id e r  th e  f i r s t  c lo n a l  
g e n e ra tio n  r a t i n g  p lu s  th e  second  c lo n a l  g e n e ra tio n  r a t in g  to  a d eq u a te ly  
s e l e c t  f o r  t h i s  c h a r a c te r .
There a re  many f a c to r s  to  c o n s id e r  when s e le c t in g  f o r  tu b e r  
appearance . F i r s t  o f  a l l ,  tu b e r  appearance  i s  based  on s u b je c t iv e  
r a t in g  and i s  much more exposed to  human e r r o r ;  and seco n d , s e v e ra l  
f a c to r s  such  as sh a p e , s i z e ,  and  amount o f e x te r n a l  d e fe c ts  a l l  con­
t r ib u t e  to  i t s  m a n ife s ta t io n . No doubt th e  re a so n  th a t  th e  h ig h e s t 
c o r r e la t io n  was found f o r  th e  second  c lo n a l  g e n e ra tio n  grown in  
L o u is ian a  and N orth Dakota was t h a t  many c lo n es w ith  poor appearance 
i n  th e  f i r s t  c lo n a l  g e n e ra tio n  went th ro u g h  a p ro c e ss  known as j u v e n i l i t y  
e f f e c t  when th e y  were grown as second c lo n a l  g e n e ra t io n .
E stim ates o f h e r i t a b i l i t y  o b ta in e d  f o r  tu b e r  appearance were 
q u i te  v a r ia b le  and low among th e  d i f f e r e n t  progeny l i n e s .  T his was 
ex p ec ted  as th e  c o r r e l a t io n  c o e f f i c i e n t  f o r  tu b e r  appearance  betw een 
second c lo n a l  g e n e ra tio n s  grown in  L o u is ian a  and N orth  Dakota was a ls o  
low and  v a r ie d .  Expected s e l e c t io n  advance was l ik e w ise  low and 
v a r ia b le  betw een progeny l i n e s .  With some progeny l i n e s  th e re  was on ly  
a U.3 p e r  c e n t s e l e c t io n  advance from th e  second to  th e  t h i r d  c lo n a l  
g e n e ra tio n  fo r  tu b e r  ap p ea ran ce . The p e r  c e n t  expec ted  s e l e c t i o n  advance 
was determ ined  by s e le c t in g  th e  to p  1 0 .0  p e r  cen t o f  th e  c lo n e s  w ith in  a 
progeny l in e  having  good tu b e r  appearance in  L o u is ian a  and N orth D akota,
Although h e r i t a b i l i t y  e s t im a te s  f o r  tu b e r  appearance  o b ta in e d  f o r  
a l l  th r e e  c lo n a l  t e s t s  in d ic a te d  a  wide range  among progeny l i n e s ,  th e  
low est h e r i t a b i l i t y  e s t im a te s  w ere found betw een th e  f i r s t  c lo n a l  
g e n e ra tio n  i n  North Dakota and th e  second  c lo n a l  g e n e ra t io n  i n  L o u is ia n a .
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When comparing d a ta  from th e  f i r s t  c lo n a l  g e n e ra t io n  grown i n  N orth 
Dakota and th e  second c lo n a l  g e n e ra tio n  grown i n  e i t h e r  L o u is ia n a  o r 
North D akota, s e v e ra l  progeny l in e s  e x h ib i te d  a ze ro  h e r i t a b i l i t y  e s t i ­
m ate . The h e r i t a b i l i t y  e s t im a te s  in d ic a te d  t h a t  s e l e c t io n  f o r  tu b e r  
appearance  would be u n r e l ia b le  f o r  c e r t a in  c ro s s e s  under c o n s id e r a t io n .  
The low h e r i t a b i l i t y  e s t im a te s  f o r  c e r t a i n  c ro s s e s  showed t h a t  a g r e a t e r  
p e rc en ta g e  o f th e  v a r ia n c e  was due to  environm ent and l e s s e r  p e rc en ta g e  
was g e n e t i c a l l y  c o n t r o l le d .  T his a n a ly s is  i s  c e r t a i n l y  p o s s ib le  when 
one c o n s id e rs  th e  f a c to r s  a s s o c ia te d  w ith  tu b e r  ap p ea ra n c e . F h o to p e rio d , 
r a i n f a l l ,  te m p e ra tu re , s o i l  t e x tu r e ,  and s o i l - b o rn e  d is e a s e s  a l l  a f f e c t  
tu b e r  a p p ea ra n c e . The small number o f w id e ly -a d a p te d , e x c e l l e n t -  
a p p e a rin g  v a r i e t i e s  r e le a s e d  i n  th e  p a s t  tw en ty  y e a rs  i s  f u r t h e r  ev idence  
t h a t  env ironm ent has a g r e a t  e f f e c t  on tu b e r  ap p ea ran ce .
O ther c h a r a c te r s  such  a s  p la n t  m a tu r i ty ,  p la n t  v ig o r ,  tu b e r  eye 
d e p th , and tu b e r  shape do n o t have a s  many i n t e r a c t i n g  en v iro n m en ta l 
f a c t o r s  a f f e c t i n g  t h e i r  pheno type . For exam ple, a v a r i e ty  w ith  good 
v ig o r  a t  one lo c a t io n  has r e l a t i v e l y  good v ig o r  when grown under a n o th e r
s e t  o f  e n v iro n m en ta l c o n d it io n s .  However, when one c o n s id e rs  tu b e r  
a p p ea ra n c e , such  f a c to r s  a s  f i n e r  s o i l  t e x t u r e ,  over-abundance o f r a in ­
f a l l ,  and h ig h  te m p e ra tu re s  a l l  have th e  p o t e n t i a l  a lo n e  o r  to g e th e r  to  
cause  s e r io u s  e x te r n a l  tu b e r  d e f e c t s  w hich w i l l  lo w er th e  tu b e r  a p p e a r­
ance r a t i n g .
S e g re g a tio n  i n  p ro g e n ie s  f o r  tu b e r  appearance  was e v id e n t f o r  
a l l  p a re n ta l  rec o m b in a tio n s . Most c lo n e s  were r e p re s e n te d  i n  th e  medium 
and good tu b e r  appearance  c l a s s .  In h e re n t d i f f e r e n c e s  f o r  tu b e r  ap p ea r­
ance were found  f o r  s e v e ra l  p a r e n ta l  re c o m b in a tio n s . The c ro s s e s
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La Chipper x K atahdin , I r i s h  Cobbler x K atahdin , Bounty x ND U52U-16R, 
Bounty x ND it52li-7K, and Bounty x Viking exp ressed  th e  h ig h e s t le v e l  o f  
combining a b i l i t y  f o r  good tu b e r  appearance.
In  t h i s  s tu d y , th e  in te r a c t io n  o f  environm ent and pnenotyp ic  
e x p re ss io n  was found to  be q u ite  g re a t  f o r  s e v e ra l  c h a ra c te r s .  This i s  
im p o rtan t as progeny te s te d  in  L ou isiana  and North Dakota were grown 
under ex trem ely  adverse  env ironm enta l c o n d itio n s . I t  was i n te r e s t i n g  to  
no te  th a t  c e r ta in  c h a ra c te rs  l ik e  s p e c i f ic  g ra v ity  and tu b e r  appearance 
were a f f e c te d  more th a n  o th e r  c h a ra c te rs  by th e  fo rc e s  o f  env ironm ent.
I t  was a ls o  in te r e s t in g  to  f in d  th a t  c e r ta in  p a re n ta l  v a r i e t i e s  l ik e  
White Rose were found to  have low h e r i t a b i l i t y  e s tim a te s  f o r  s p e c i f ic  
g ra v i ty  and o th e r  c h a ra c te r s .  This would be r e l a t i v e l y  easy  to  under­
s ta n d  as th e re  never has been a good v a r ie ty  r e le a s e d  th a t  has White 
Rose in  i t s  p e d ig re e . On th e  o th e r  hand, progeny from th e  p a re n t 
v a r ie ty  K atahdin g e n e ra lly  showed h igh  h e r i t a b i l i t y  e s tim a te s  f o r  a l l  
c h a ra c te r s .  K atahdin i s  used e x te n s iv e ly  in  most a l l  b reed in g  program s, 
and alm ost a l l  o f  th e  new v a r i e t i e s  re le a s e d  in  th e  p a s t  few y ea rs  can 
have i t s  p ed ig ree  t ra c e d  back to  t n i s  v a r ie ty .
E stim a tes  o f h e r i t a b i l i t y  f o r  m a tu r ity , v ig o r, and  eye dep th  
showed th a t  s e le c t io n  can be made q u ite  e f f i c i e n t l y  i n  e i t h e r  L ou isiana  
o r  North Dakota. P re d ic te d  s e le c t io n  advance a ls o  showed th a t  p ro g re ss  
can be made by s e le c t io n  p ro v id in g  c e r ta in  p a re n ta l  recom binations a re  
made. E stim ates o f  h e r i t a b i l i t y  f o r  s p e c i f i c  g ra v i ty  in d ic a te d  th a t  
s e le c t io n  i s  more e f f i c i e n t  i f  h igh  s p e c i f i c  g ra v i ty  p a re n ts  a re  u sed . 
Expected s e le c t io n  advance showed th a t  i f  h igh  s p e c i f i c  g ra v i ty  p a re n ts  
a re  used s u b s ta n t ia l  g a in s can be made in  s p e c i f ic  g ra v i ty  f o r  c lones
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grown in  e ith er  Louisiana or North Dakota*
S e v e ra l o b se rv a tio n s  in  t h i s  s tu d y  i l l u s t r a t e  th e  problem s w ith  
which a  p o ta to  b re e d e r  i s  c o n fro n te d  when he a tte m p ts  t o  develop  p o ta to  
v a r i e t i e s  ad ap ted  to  such  wide e n v iro n m en ta l c o n d itio n s  as th o se  found 
in  L o u is ian a  and N orth  D akota. In  t h i s  s tu d y , c o r r e l a t io n  c o e f f i c i e n t s  
and e s tim a te s  o f  h e r i t a b i l i t y  v a rie d  fo r  each c n a ra c te r  and f o r  each 
p a re n ta l  reco m b in a tio n . H e r i t a b i l i ty  e s t im a te s  f o r  each c h a ra c te r  
e i th e r  showed a r e l a t i v e l y  low o r h ig h  v a r i a b i l i t y  betw een progeny 
l i n e s .  For exam ple, a  wide sp re ad  in  m agnitude o f  h e r i t a b i l i t y  fo r  
s p e c i f i c  g ra v i ty  o f  c e r t a i n  p a r e n ta l  reco m b in a tio n s  was n o te d . T his 
cou ld  be ex p ec ted  a s  s e v e r a l  in v e s t ig a to r s  have re p o r te d  th a t  s p e c i f i c  
g r a v i ty  i s  g r e a t ly  a f f e c te d  by th e  fo rc e s  o f  en v iro n m en t. However, th e  
f a c t  t h a t  c e r t a in  p a re n ta l  reco m b in a tio n s r e a c te d  in  a  s im i la r  manner 
was en co u rag in g .
In fe re n c e s  made from h e r i t a b i l i t y  v a lu es dete rm ined  f o r  a  
c h a ra c te r  o r c ro s s  o th e r  th a n  th e  one be ing  c o n s id e re d  have been found 
to  be u n r e l i a b l e .  T his was i l l u s t r a t e d  by th e  low and v a r ia b le  e s t i ­
m ates o f h e r i t a b i l i t y  found f o r  th e  c h a ra c te r  tu b e r  a p p ea ran ce . In  some 
c a s e s ,  th e  same p a r e n ta l  reco m b in a tio n  would show h ig h  h e r i t a b i l i t y  i n  
one c lo n a l  t e s t  a t  a  c e r t a in  lo c a t io n ,  w h ile  i n  a n o th e r  t e s t  i t  would 
e q u a l z e ro . As s t a te d  p re v io u s ly , t h i s  was n o t th e  case  f o r  s p e c i f ic  
g r a v i ty  and o th e r  c h a ra c te rs  w hich showed r e l a t i v e l y  l i t t l e  d if f e r e n c e  
in  h e r i t a b i l i t y  betw een p a r e n ta l  reco m b in a tio n s  grown i n  d i f f e r e n t  
c lo n a l  t e s t s .  Ito illins (U7) a ls o  found low h e r i t a b i l i t y  f o r  tu b e r  a p p ea r­
ance when he used  second c lo n a l  g e n e ra tio n  p rogeny  grown i n  N orth Dakota 
and M inneso ta.
100
I t  i s  a common p r a c t ic e  f o r  most p o ta to  b re e d e rs  to  s e l e c t  f o r  
a l l  c h a ra c te r s  i n  th e  f i r s t  c lo n a l  g e n e ra t io n . The f a c t  t h a t  most a l l  
p a re n ts  a re  h ig h ly  he te rozygous f o r  a l l  c h a ra c te rs  and th a t  r e l a t i v e l y  
la rg e  p o p u la tio n s  must be  grown to  p ro p e r ly  s e l e c t  f o r  a  c h a r a c te r ,  i t  
i s  a lm o st a  n e c e s s i ty  t h a t  a f a i r l y  h ig h  degree o f  s e l e c t i o n  has to  be 
made i n  th e  f i r s t  c lo n a l  g e n e ra t io n . This s tu d y  showed th a t  when p ro p e r  
p a r e n ta l  reco m b in a tio n s a re  made, s e l e c t io n  i s  f a i r l y  e f f i c i e n t  i n  th e  
f i r s t  c lo n a l  g e n e ra tio n  f o r  a l l  c h a ra c te r s  e x c e p t tu b e r  a p p ea ran ce .
Lven in  some c a se s  s e l e c t io n  f o r  tu b e r  appearance i s  p o s s ib le  i n  th e  
f i r s t  c lo n a l g e n e ra t io n , b u t  one sh o u ld  r e a l i z e  i t s  l im i te d  e f f e c t i v e ­
n e s s .
The e f f e c t  o f  s e le c t in g  f o r  one c h a ra c te r  on th e  b a s is  o f  
e x p re s s io n  o f a n o th e r  c h a ra c te r  has l im i te d  v a lu e  f o r  c e r t a in  c h a ra c te rs  
and c e r t a i n  s e t s  o f  e n v iro n m en ta l c o n d it io n s .  The r e l a t i v e l y  h igh  
n e g a tiv e  c o r r e l a t io n  betw een m a tu r ity  and s p e c i f i c  g r a v i ty  f o r  progeny 
grown in  L o u is ian a  has been  d is c u s s e d . However, in  t h i s  s tu d y  th e  two 
most h ig h ly  c o r r e la te d  c h a r a c te r s  were v ig o r and  m a tu r i ty .  The magni­
tu d e  was such  f o r  th e s e  two c h a ra c te r s  t h a t  s e l e c t io n  on th e  b a s is  o f 
one c h a ra c te r  cou ld  be  e x p ec te d  to  be c o n cu rren t w ith  s e l e c t io n  f o r  
th e  o th e r .  T h is was t r u e  f o r  progeny grown i n  e i t h e r  L o u is ia n a  o r  N orth 
D akota.
D ata from  t h i s  s tu d y  in d ic a te d  t h a t  p ro g re s s  can be made i n  
develop ing  w ider adap ted  p o ta to  v a r i e t i e s  i f  p ro p er p a r e n ta l  recom bi­
n a tio n s  a re  made. I f  d e s i r a b le  reco m b in a tio n s  a re  made in  an a se x u a l
*
crop  su ch  as p o ta to e s ,  th e  b re e d e r  can  ta k e  advantage o f  o u ts ta n d in g  
in d iv id u a ls  o c c u rr in g  a t  any  s ta g e  in  a  b ree d in g  program . T his has been
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i l l u s t r a t e d  w ith  s e v e ra l  a s e x u a lly  p ro p ag a ted  c rops (29* 30; 3 6 ).
SUMMARY
S tu d ie s  were made to  determ ine th e  e f f e c t  o f  environm ent on the  
g e n e tic  beh av io r o f c e r t a in  q u a n t i ta t iv e  c h a ra c te rs  found in  th e  I r i s h  
p o ta to , Solanum tuberosum . S p e c ia l  emphasis was p laced  on s p e c i f ic  
g r a v i ty .  C oncurrent s tu d ie s  were a ls o  made on th e  pnenotyp ic  v a r i ­
a b i l i t y  o f  p la n t  m a tu r ity , v ig o r , tu b e r  shape, tu b e r  eye dep th , and 
tu b e r  appearance.
Ten progeny l in e s  re p re se n tin g  s e v e ra l  hundred c lones were grown 
a t  Baton Rouge, L o u is ian a , and Grand F o rk s , North D akota. Progeny 
l in e s  re p re se n tin g  f i r s t  c lo n a l  g e n e ra tio n s  were grown in  the  Worth. 
Second c lo n a l  g en e ra tio n s  were grown b o th  in  th e  North and South . Twelve 
p a re n ts ,  which re p re se n te d  a wide range in  h o r t i c u l tu r a l  c h a ra c te r s ,  were 
used to  develop progeny l i n e s .
The se g re g a tio n  in  p ro g en ies  from a l l  th e  v a r i e t i e s  used  a s  
p a re n ts  showed th e y  were heterozygous f o r  a l l  c h a ra c te r s .  Data from 
s p e c i f ic  g ra v i ty  s tu d ie s  showed th a t  p rogen ies from c ro sse s  between low 
x medium and low x h igh  s p e c i f ic  g ra v ity  p a re n ts  g e n e ra lly  produced th e  
h ig h e s t degree  o f  se g re g a tio n . The c ro sse s  betw een high s p e c i f ic  
g ra v i ty  p a re n ts  gave th e  h ig h e s t mean s p e c i f ic  g ra v i ty  f o r  i t s  p rogeny. 
S e v e ra l o f  th e  c lo n es  from h igh  s p e c i f ic  g ra v i ty  p a re n ts  were as h ig h  o r 
h ig h e r in  s p e c i f ic  g ra v i ty  th an  e i th e r  p a re n t .
S p e c if ic  g ra v ity  o f tu b e rs  from p ro g en ies  o f  second c lo n a l  
g e n e ra tio n s  were found to  be high in  th e  North and low in  th e  South . 
Tubers from p ro g en ies  o f f i r s t  c lo n a l  g e n e ra tio n s  grown in  th e  North 
were in te rm e d ia te  i n  s p e c i f ic  g ra v i ty .
The pooled  c o r r e la t io n  c o e f f ic ie n t  fo r  a l l  c h a ra c te rs  from
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p ro g en ies  grown as second c lo n a l  g e n e ra tio n s  in  th e  North and South 
showed some degree o f  l in e a r  r e l a t io n s h ip .  The low est a s s o c ia t io n  was 
found fo r  s p e c i f ic  g ra v ity  and tu b e r  appearance. The h ig h e s t a s s o c i ­
a t io n  was found fo r  tu b e r  sh ap e , in d ic a t in g  th a t  most tu b e rs  r e ta in e d  
t h e i r  shape re g a rd le s s  o f w hether th e y  were grown in  th e  North o r  South . 
In  comparing p ro g en ies  from th e  f i r s t  c lo n a l  g en e ra tio n  to  th o se  o f  th e  
second c lo n a l  g e n e ra tio n , th e  low est a s s o c ia t io n  was found fo r  tu b e r  
appearance. S p e c if ic  g ra v ity  and eye dep th  showed th e  next low est 
a s s o c ia t io n .
C o rre la tio n  c o e f f ic ie n ts  showed th a t  d if fe re n c e s  i n  the  magnitude 
o f  the  a s s o c ia t io n  f o r  c e r ta in  c n a ra c te rs  were a f f e c te d  by p a re n ts  used 
in  developing  th e  progeny l i n e s .  A h igh  c o r r e la t io n  c o e f f ic ie n t  was 
found fo r  progeny l in e s  from c ro s se s  in v o lv in g  h igh  s p e c i f ic  g ra v ity  
p a re n ts .  The c o r r e la t io n  c o e f f ic ie n t  f o r  p la n t  v igor from progen ies 
grown in  th e  North and South g e n e ra lly  showed th e  h ig h e s t r e la t io n s h ip  
f o r  p rogen ies r e s u l t in g  from v igorous p a re n ts .  P a ren ts  d i f f e r in g  in  eye 
dep th  showed a r e l a t i v e ly  h ig h  r e la t io n s h ip  fo r  p ro g en ie s  from deep-eyed 
p a re n ts .  Tuber appearance showed low and v a r ia b le  a s s o c ia t io n  fo r  
p rogen ies from d i f f e r e n t  p a re n ta l  com binations. For l a t e  p la n t  m a tu r ity , 
th e  low est a s s o c ia t io n  fo r  c lo n es grown i n  th e  North and  South was found 
when two e a rly -m a tu rin g  p a re n t v a r i e t i e s  were c ro sse d .
The e f f e c t  o f s e le c t in g  f o r  one c h a ra c te r  on th e  e x p re ss io n  o f  a 
second c h a ra c te r  was e x h ib i te d  f o r  p la n t  m a tu rity  and v ig o r . The l a t e s t  
m aturing  c lones e x h ib i te d  th e  h ig h e s t v igo r wnen grown in  th e  North and 
S ou th . S p e c if ic  g ra v i ty  and m a tu rity  were n e g a tiv e ly  c o r re la te d  fo r  
c lo n es grown in  th e  Sou th , in d ic a t in g  th a t  th e  e a r l i e s t  m aturing  c lones
lOli
produced th e  h ig h e s t  s p e c i f i c  g r a v i ty .  Wo a s s o c ia t io n  was found betw een 
s p e c i f i c  g r a v i ty  and m a tu r ity  when c lo n es  were grown in  th e  Worth.
In  th e  South th e  a s s o c ia t io n  between p la n t  v ig o r  and s p e c i f ic  
g r a v i ty  was e f f e c t iv e  on ly  from  progeny r e s u l t i n g  from  h ig h  v ig o r  
p a re n ts .  The n e g a tiv e  c o r r e la t io n  f o r  p ro g ery  w ith  h ig h  v ig o r  p a re n ts  
in d ic a te d  th a t  th e  l e a s t  v ig o ro u s  c lo n es produced th e  h ig h e s t  s p e c i f i c  
g r a v i ty .  L i t t l e  o r no a s s o c ia t io n  was found  f o r  p la n t  v ig o r and s p e c i f ic  
g r a v i ty  f o r  progeny t e s t e d  in  th e  N orth . C o r re la tio n  c o e f f i c i e n t s  
computed between th e  o th e r  c h a ra c te r s  in c lu d e d  in  t h i s  s tu d y  in d ic a te d  
t h a t ,  i n  g e n e ra l ,  th e  f a c to r s  were independen t an d  th e re fo re  co u ld  n o t  
be u t i l i z e d  f o r  p r e d ic t iv e  p u rp o se s .
E stim a te s  o f  h e r i t a b i l i t y  o f  s e v e ra l  c h a ra c te r s  were computed 
u s in g  d a ta  from  p ro g en ies  r e p re s e n tin g  f i r s t  and second  c lo n a l  g e n e r­
a t io n s  grown in  th e  N orth a n d  S o u th , f o r  p ro g en ie s  from  seco n d  c lo n a l  
g e n e ra tio n s , e s t im a te s  f o r  h e r i t a b i l i t y  o f  s p e c i f i c  g r a v i ty  and tu b e r  
appearance were low er th a n  th e  n e r i t a b i l i t y  e s t im a te s  o f  p la n t  m a tu r i ty ,  
v ig o r , and tu b e r  eye d e p th . E s tim a te s  o f  h e r i t a b i l i t y  f o r  tu b e r  a p p e a r­
ance were low and v a r ia b le  when a n a ly se s  were made betw een f i r s t  c lo n a l  
g e n e ra tio n s  grown i n  th e  North and second c lo n a l  g e n e ra tio n s  grown in  
th e  North and S ou th .
E stim a tes  o f  h e r i t a b i l i t y  and e x p e c te d  s e l e c t i o n  advance v a r ie d  
f o r  each  c h a ra c te r  an d  f o r  each  progeny l i n e .  For s p e c i f i c  g r a v i ty ,  th e  
p ro g en ie s  r e s u l t in g  from  h ig h  x h igh  s p e c i f i c  g r a v i ty  p a re n ts  produced 
th e  h ig h e s t p e r  c e n t  s e l e c t io n  advance . When c o n s id e r in g  d a ta  from  a l l  
progeny l i n e s ,  th e  p e r  c e n t  s e l e c t i o n  advance was found t o  be th e  
h ig h e s t  fo r  p la n t  m a tu r i ty  and v ig o r  and  low est f o r  tu b e r  <ye d e p th ,
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tu b e r  a p p e a ra n c e , an d  s p e c i f i c  g r a v i t y .  The w ide ran g e  in  p e r  c e n t  
s e l e c t i o n  advance f o r  each  c h a r a c te r  s u g g e s te d  t n a t  th e r e  w ere d i f f e r ­
en ces among p rogeny  l i n e s  i n  s u p e r i o r i t y  o f  th e  s p e c i f i c  f a c t o r  
c o n s id e re d .
T h is  s tu d y  showed t h a t  a lth o u g h  th e  f o r c e s  o f  en v iro n m en t 
a f f e c t e d  th e  g e n e t ic  b e h a v io r  o f  a l l  c h a r a c t e r s ,  s e l e c t i o n  f o r  s e v e r a l  
c h a r a c te r s  i n  th e  f i r s t  o r  seco n d  c lo n a l  g e n e ra t io n  c o u ld  be made q u i te  
e f f i c i e n t l y  i n  th e  N orth  o r  S o u th . Under e n v iro n m e n ta l  c o n d it io n s  found  
i n  L o u is ia n a  and N orth  D ak o ta , s e l e c t i o n  c o u ld  be made e f f i c i e n t l y  f o r  
p l a n t  m a tu r i ty ,  v ig o r ,  tu b e r  sh a p e , and eye d e p th . A l e s s e r  d e g re e  o f  
s e l e c t i o n  e f f i c i e n c y  was found  f o r  s p e c i f i c  g r a v i t y  an d  tu b e r  a p p e a ra n c e . 
N o rth e rn  e n v iro n m e n ta l c o n d it io n s  p roduced  tu e  h ig h e s t  s p e c i f i c  g r a v i t y ,  
b u t  i f  p ro p e r  p a r e n t a l  co n to in a tio n s  were made, w hich w ould r e s u l t  in  a  
h ig h e r  gene c o n c e n tr a t io n ,  s e l e c t i o n  o f  c lo n e s  r e l a t i v e l y  h ig h  i n  
s p e c i f i c  g r a v i ty  c o u ld  be made a t  b o th  l o c a t i o n s .  Tuber ap p ea ra n c e  
seem ed t o  be  th e  c h a r a c te r  m ost a f f e c t e d  by e n v iro n m en t.
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^  Porcont of Clonos Having Early Plant Maturity in Louisiana
Porcont of Clonos Having Early Plant Maturity in North Dakota
Porcont of Clonos Expressing Low Variability by Having Early Plant 
Maturity in Both Louisiana and North Dakota










^  Porcnot of Clonos Having Strong Vigor in Louisiana
H fl Porcont of Clonos Having Strong Vigor in North Dakota
■ Porcont of Clonos Expressing Low Variability by Having Strong Vigor in Both Louisiana and North Dakota
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p o ta to  b reed in g  a t  North Dakota S ta te  U n iv e rs i ty .
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